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ACANTHACEAEA. L. de Jussieu, Gen. PI. 102. 1789, "Acanthi," nom. cons.

(Acanthus Family)

Herbs [shrubs] or vines [rarely small trees]. Leaves simple, opposite

exstipulate; pubescence of stems and leaves of simple hairs; cystoliths

of various forms often present in parenchyma or epidermis. Inflorescences

basically cymose (dichasial), often condensed in leaf-axils, modified into

racemes or panicles, or flowers sometimes solitary. Flowers perfect, nearly

actinomorphic to zygomorphic; bracts and bracteoles usually present and

often colored, sometimes large and enclosing the flower. Calyx segments

5, occasionally 4. not infrequently fused, persistent. Corolla sympetalous,

the limb 5-lobed or bilabiate, rarely 1 -lipped, lobes convolute or im-

bricate in bud. Nectariferous disk nearly always present, below ovary.

1 Prepared for a generic flora of the southeastern United States, a project of the

Arnold Arboretum and the Gray Herbarium of Harvard University made possible

through the support of the National Science Foundation (Grant GB-6459X, principal

published in the series, follows the format established in the first paper (Jour.

Arnold Arb. 39: 296-346. 1958). The area covered includes North and South Caro-

lina, Georgia, Florida, Tennessee, Alabama, Mississippi, Arkansas, and Louisiana.

The descriptions are based primarily on the plants of this area, with additional in-

formation in brackets. References which have not been seen and verified are

The manuscript for this paper was prepared while I held a Mercer Research Fel-

lowship at the Arnold Arboretum in the latter half of 1968. I want to express my
thanks for the facilities extended to me during my stay in Cambridge and to the

several people who have aided substantially with this treatment of the Acanthaceae.

Dr Carroll Wood has spent a great deal of time in editing and checking the manu-

script, in making numerous additions and suggestions, in preparing the dissections

for and supervi-i; td in preparing the legends for them. The

illustrations are the work of the late Dorothj H Marsh (Ftatna 5, i-n) and of

Diane C. Johnson and Virginia Savage, whose initials will be found on the appro-

priate ones. Mrs. Mary C. Dillon carefully ("
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Stamens 4 (5), didynamous, or 2 (staminodia often present in 2-stamened

flowers, 1, 2, or seldom 3), epipetalous; anthers 1- or 2-loculate, longi-

tudinally dehiscent, the connective of various widths; pollen very variable,

of many kinds, mostly tricolporate. Gynoecium of 2 united carpels; stig-

mas simple or 2-cleft or -lobed, the posterior lobe often aborted or wanting;

style filiform, simple; ovary 2-loculate. superior, placentation axile (parie-

tal in Nelsonioideae), ovules 2-10 in each locule, anatropous, amphitro-

pous, or campylotropous, 1-integumented, tenuinucellate. Fruit typically

a 2-valved loculicidal capsule [drupaceous in Mendoncioideae] . Seeds

4(2)-20, usually flat, without endosperm [endosperm present in Nelson-

ioideae] borne on hooklike projections, the modified funiculi of the ovules,

termed retinacula or jaculators, these papilliform or apparently lacking in

a few genera; seeds usually dispersed through sudden opening of fruit;

seed coat smooth or roughened, often mucilaginous when moistened; em-

bryo straight or bent; cotyledons broad and flat. Embryo-sac develop-

ment normal, monosporic (Polygonum type), embryogeny generally con-

forming to Onagrad type (Nelsonioideae) or Solanad type (Ruellioideae).

Chromosome numbers x — 7-18, 20, 21. (Including Thunbergiaceae

Bremek., Mendonciaceae Bremek.) Type genus: Acanthus L.

A pantropical family of about 250 genera and 2600 species with four

main centers of distribution: Indo-Malaya, Africa, Brazil, and Central

America. About 12 genera, including the two largest, Justicia (about 300

species) and Ruellia (about 225 species), are pantropical. Of the remain-

ing genera about 40 per cent are confined to the Western Hemisphere.

Approximately 120 genera are monotypic and restricted in range. Rela-

tively few taxa are found in the United States; only three genera occur in

the Northeastern States, seven additional ones are indigenous to the

Southeastern States, and a few more are represented by species in the

southwestern United States.

The family has long been noted for its taxonomic difficulty. Some
authorities (e.g., Lindau, Grant, Melchior) consider the Acanthaceae to

be a natural family, presumably monophyletic in origin, while others

(e.g.. Van Tieghem, Bremekamp) have viewed the original composition of

the group as being artificial, presumably polyphyletic. For the great

majority of genera the family may be recognized by the presence of the

peculiar structure of the funiculus that becomes hook-shaped in the

mature fruit, and is termed the retinaculum or jaculator. This structure,

however, is not typical of three of the subfamilies that contain a few

genera of uncertain relationship.

The family also is characterized by the presence of cystoliths in the

leaves and stems of most (but not all) genera and by the explosive de-

hiscence of the mature capsule. Cystoliths are visible as slight protuber-

ances or. more commonly, as streaks in the epidermis. Bracts and brac-

teoles are generally present and are often showy. Classification within the

family is based primarily on minor characters of the androecium, particu-

larly the anthers, and on pollen sculpture. Such bases for classification
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often make difficult the acci

wide variety of life forms

morphic species with spiny or acicular leaves, lianas, and even mangrove
plants. Arborescent forms are rare, and most species are shrubs or herbs
with opposite, usually decussate, entire, exstipulate leaves. In the tropics

the Acanthaceae, particularly the "Strobilanthes'' group of the Old World,
are conspicuous, showy elements of the local vegetation. Santapau, for

example, listed 42 genera found in the immediate vicinity of Bombay,
India.

Various genera have been the subject of anatomical and morphological

investigations. Detailed accounts and references have been given by Sol-

ereder, who also made special reference to the occurrence and morphology
of cystoliths. These appear in the form of silicified bodies with or without
a cellulose skeleton. Linsbauer earlier had shown that their nature and
distribution are valuable in the recognition of genera, especially in the

Ruellieae and Odontonemateae. Slightly lignified cystoliths occur in the

pith of certain species of Ruellia. and pigmented cystoliths are reported

for Ruellia, Sanchezia, and Strobilanthes. In addition to cystoliths, cal-

cium oxalate crystals may be secreted in the form of prisms, needles, or

other shapes.

Solereder reported that petiolar anatomy exhibited either a single arc-

shaped vascular strand, or a concentric group of separate bundles with

the ends of the crescent very much incurved in some species, or a circle

of more or less separate bundles (e.g.. Thunbergia), or. rarely, a cylindrical

vascular strand (e.g., Crossandra) . The epidermis is occasionally papillose

(e.g., Ruellia). Stomata are present on both leaf surfaces in some species

but are confined to the lower surface in others, and they are nearly always

caryophyllaceous, although in at least Lepidagathis they are rubiaceous.

A wide assortment of both glandular and nonglandular hairs is reported

for various genera.

The family is characterized anatomically by the presence of anomalous

secondary thickening that occurs in a number of genera. This usually

appears as inconspicuous groups of intraxylary and interxylary phloem

and as bundles of bodies (described as acicular fibers) that resemble

large raphides. The vessels typically are very small (less than 50^) or

extremely small (less than 25/*). Wood is semi-ring-porous, and the

vessel elements have fine, spiral thickenings, simple perforations, and

scanty parenchyma. The vascular system of Justicia americana has been

found to consist of seven distinct steles, one central and six arranged

around the circumference. The meristeles and the central medullary

bundle anastomose at the node. The axis of the inflorescence in most

genera is monostelic, but in some respects the stem anatomy resembles

certain Campanulaceae because of the presence of a medullary bundle.

The roots generally contain less well-developed xylem. Unusually long

root hairs, intraxylary phloem, and pitted lignified pith are also recorded

for certain genera.

The anatomy of several Ruellieae, including Blechum, Dyschoriste,
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Hemigrapkis, Uygrophila, and Ruellia, has been described in detail by

Tchouproff, who also attempted, rather unsuccessfully, to show relation-

ships graphically by means of anatomical comparisons. Danert analyzed

leaf, bud, and floral arrangements in selected genera, including Blechum,

Justicia, Ruellia, and Thunbergia. He concluded that Acanthaceae exhibit

"plagiotropic
v growth owing to the presence of a "Sprossendodermis," a

character he attributed to phylogenetically older stocks. Vesque suggested

an anatomical characterization of the family, but only in connection with

the leaf anatomy. He also gave a classification of cystoliths.

The Acanthaceae have long been notorious for their very great varia-

tion in pollen morphology, useful in taxonomic diagnosis. Probably no

other family has such a wide range of pollen morphological features as the

Acanthaceae. Early detailed studies of acanthaceous pollen were made by
Bischoff, Fritzsche, and Von Mohl, but the taxonomic value of pollen

characters in the classification of the family was first pointed out by
Radlkofer. It was on the basis of his work that Lindau elaborated the

use of pollen morphology as the chief basis for his classification of the

family in Engler & Prantl's Die Xatiirliehen Pflanzenfamilien. Hallier,

who reported both three-porous and sparsiporous grains in Pseuderant he-

mum, was among the first to question seriously whether pollen is any more

valid than floral morphology as a tool for determining relationships. Later

students of the family have continued to emphasize the use of pollen,

however.

Raj, after an exhaustive survey of pollen types in 260 species of 103

genera, concluded there are considerable grounds for doubting the con-

vincing use of pollen as a basis for classification, although he apparently

is in general agreement with Bremekamp's use of pollen in his revisionary

studies. The Thunbergioideae have the largest pollen, varying from 60 to

100 p., anomatreme, spheroidal, eight-colpate; Nelsonioideae show much
less variation and typically have three-colpate, prolate pollen; the Acan-

thoideae sensu Lindau have a very wide range of pollen types, including

two-porate bilateral, pantoporate, polyporate, and the most common form,

three-colporate, found in most of the tribes. Although many tribes form

homogeneous groups, others, such as the Ruellieae and Odontonemateae,

have various kinds of pollen sculpturing.

Recent studies of pollen and its use as a taxonomic tool in the family

have not been altogether reassuring. Bhaduri concluded that the pollen

of Nelsonioideae closely resembles that of Andrographis (Ruellioideae),

although Raj strongly disagreed. Sharma & Vishnumittre found four

widely different pollen types in Eranthemum and Pseuderanthemum.
Bremekamp's rearrangement of tribes and genera is based primarily on

his interpretation of pollen relationships. This has led him to recognize a

number of segregate genera, especially in the Ruelliinae, based on minor

pollen differences. It has yet to be established whether or not these
• splinter" taxa are worthy of recognition.

The Acanthaceae also have a great range of chromosome numbers.
Twenty different haploid numbers have been determined, with n = 7, 9,
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10, 13-22, 25, 26, 28, 30, 31, 34, 40, and 66. Basic numbers of (5) 6, 7,

8, 9. 10. and 11 are known, most species generally falling into one of three
series, x = 7, 8, or 9, with x = 7 represented by the greatest number
of genera. The lowest haploid number (n = 7) is found in Thunbergia;
the chromosomes of Elytraria are among the smallest in the family, about
1/x in length chiefly with median centromeres. Pizzolongo & D'Arienzo
examined Acanthus cytologically and reported the genus as dibasic, with
x = 7 or 8; A. spinosus is a sterile polyploid with 2n = 112, but the
closely related octoploid A. mollis. In = 56, and decaploid A. montanus,
2n = 80, are fertile. Grant, who studied the family cytologically. largely
to investigate generic relationships, concluded that polyploidy, especially

aneuploidy, has undoubtedly occurred and that the wide range of numbers
represents an ascending and descending aneuploid series. Aneuploidy is

probably responsible for the large number of genera and species. Grant
found that all but three of the 18 genera, where more than one species was
examined, had euploids, aneuploids, or both types of polyploids present.

Narayanan used cytological studies to demonstrate the close relationships

of some genera and intrageneric groups. Grant also based some of his

speculations regarding relationships within the Justicieae on chromosome

The considerable embryological literature in Acanthaceae has been re-

viewed by Schnarf, Mauritzon, and, most recently, by Maheshwari & Negi.

Detailed references are also given by Davis. The linear tetrad develops

into a Polygonum-type embryo sac; the embryogeny follows either the

Onagrad (Elytraria) or Solanad type. Mauritzon pointed out that the

endosperm shows a mode of development peculiar to the Tubiflorae; this

is a cellular type of endosperm that results from free nuclear divisions

followed by wall formation in the central chamber. The first two divisions

result in a row of three cells which form the endosperm proper, while the

micropylar and chalazal cells develop into haustorial organs. The chalazal

haustorium is lacking in Thunbergia. Bhaduri concluded that Acanthus

and Crossandra ought to be considered the basic type for the family be-

cause they lack the free nuclear stage. The advanced type would then

be represented by Ruellia and Adhatoda (Justicia) where free nuclear

divisions occur. Supernumeraries and persistent antipodals are found

rarely in the family, although Hartman reported them in Aphelandra.

Embryological data have been adduced by Johri & Singh as evidence

that the Nelsonioideae properly belong in the Acanthaceae, and not in the

Scrophulariaceae, as proposed by Bremekamp, who discounted the im-

portance of comparative en ties in Acanthaceae. The

family continues to provide considerable interest for the plant embryol-

ogist, however. A recent investigation by Sahi presented the details of the

distinctive embryo sac and embryogeny of Androgr aphis that throw some

light on the taxonomic relationships of this genus.

Unfortunately, the floral biology of the family is not as well understood

as the embryology. Characteristically, the flowers are proterogynous.

nectar-yielding, and brightly colored and are often arranged in large in-
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florescences. Usually, insects hit the downward directed tips of the pollen

sacs and are dusted with pollen on the back. The insect transfers the

pollen to projecting stigmas of another flower. Premature dispersal of

pollen is apparently prevented by the hairs that frequently surround the

anthers. Highly specialized pollinating systems involving extrafloral nec-

taries have been reported in Thunbergia. Ornithophily (hummingbirds)

and possibly myrmecophily may be factors in the pollinating systems of

red-flowered rain-forest species of Aphelandra.

Uphof reported cleistogamy in six genera of Acanthaceae. Tharp &
Barkley found that all paniculate taxa of Ruellia in Texas are cleistoga-

mous, and Long & Uttal discovered that all species of Ruellia of the eastern

United States are cleistogamous during part of the reproductive cycle. The

general occurrence and importance of cleistogamy in Acanthaceae have

yet to be evaluated, but they deserve further attention. Monocarpy ap-

parently is common in the Old World genus Strobilanthes; after a number

of years of vegetative growth, the plants flower, then die off. Santapau

has observed, however, that renewed vegetative growth may occur after

flowering in S. callosus Nees if there has been an abundance of rain.

Seeds are dispersed for short distances by the explosive dehiscence of

the ripe capsule. Bremekamp attributed this mechanism to the progressive

loss of water from the maturing fruit. Many genera have seeds covered

with hairs or scales that become erect with moistening; possibly this is

an adaptation that helps to anchor the seed in a suitable substratum.

Breeding studies and hybridization experiments are few in number.

Meeuse & DeWet have reported natural and artificial intergeneric hybrids

between the South African Ruttya, In - 36, and Ruspolia, In = 42. They
suggested that the vigorous but completely sterile hybrid {In = 39) may
have horticultural value and that other intergeneric hybrids may occur.

Lindau did not place these two genera in the same tribe. Long has made
numerous intrasectional and a few intersectional hybrids in Ruellia. In-

vestigations reported thus far suggest that large scale cross-breeding work
in Acanthaceae would be of considerable value both taxonomically and

horticulturally. Perhaps the difficulty of obtaining materials of this largely

tropical group accounts for the dearth of genetic experiments in the family.

Little is known about the phytochemistry of the family, perhaps be-

cause no important poisonous, medicinal, or useful species are known.

Pharmacological investigations of drugs from certain genera have been

made, and diuretic and antiasthmatic effects have been credited to mem-
bers of the family. Chemical constituents include polyphenols, essential oils,

non-volatile isoprenoid compounds, heterosides, and alkaloids. Arndt,

Eggers, & Jordaan have determined by spectrographic analysis the struc-

ture of five new alkaloids obtained from the South African genus Anisotes

and some flavenoid studies have recently been reported by Nair. Ob-

viously, much remains to be learned concerning the chemotaxonomy of

genera in the family.

The Acanthaceae have had a long, tortuous history, taxonomically. since

they were first recognized as 'Acanthi" by B. de Jussieu in 1759. The
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name was adopted by A. L. de Jussieu, who placed eight genera in the
group. A general discussion of the family and its affinities was given by
Lindley, who included a list of genera supplied by Nees and references to

the early literature. Nees's account in De Candolle's Prodromus was the
first comprehensive treatment of the family, and it established limits for

many genera that have been followed up to the present. Endlicher, follow-

ing Nees, divided the "order" Acanthaceae into three tribes, Thunbergieae,
Nelsonieae, and Echmatacanthi, the last further divided into seven sub-
tribes. On the basis of floral morphology Bentham & Hooker recognized

120 genera in five tribes: Thunbergieae, Nelsonieae, Ruellieae, Acantheae,
and Justicieae, with the Ruellieae further divided into five subtribes, the

Radlkofer demonstrated the value of pollen characters in the classifica-

tion of Acanthaceae and, as mentioned above, Lindau greatly expanded
the critical use of pollen characters in his treatment of the family. Lindau

distinguished four subfamilies, Nelsonioideae, Mendoncioideae, Thunber-

gioideae and Acanthoideae. Van Tieghem proposed that the "Thunber-

giacees" be a separate family to consist of three tribes, "Thunbergiees,"

"Mendonciees." and "Xelsoniees." He proposed dividing the remaining

Acanthaceae into two subfamilies, the "Acanthoidees" (without cysto-

liths), and the "Justicioidees" (with cystoliths). Wettstein was in general

agreement with this change because he concluded there was close affinity

between Lindau 's first three subfamilies. However, instead of regarding

them as a distinct family, he placed them all in Thunbergioideae. thereby

reducing Lindau's subfamilies to tribes. Interestingly, this was the orig-

inal position taken by Nees, whose Anechmatacantheae (without retinac-

ula) and Echmatacantheae (with retinacula) correspond to Wettstein's

Thunbergioideae and Acanthoideae.

More recently, Bremekamp has made a revision of the family based

largely, but not entirely, on detailed pollen characters. He divided the

Acanthoideae sensu Nees into Acanthoideae and Ruellioideae, while aban-

doning Lindau's familiar "Contortae" and 'Tmbricatae." Lindau's 16

tribes were reduced to seven, largely through transfers and expansion of

tribal circumscriptions. Bremekamp changed his mind about an earlier

reduction of Nelsonioideae to a mere subtribe of Acantheae and removed

them from the family, recommending they be placed in the vicinity of

the Rhinantheae (Scrophulariaceae). He raised Lindau's Mendoncioideae

and Thunbergioideae to family status and made numerous changes in

generic limits, especially in Old World tropical taxa. On the basis of his

palynological studies, Raj concurred with Bremekamp's revisions, but

Grant said there is no "cytological criterion" to suggest that the sub-

families are sufficiently different to be considered separate families. Grant

maintained that the evidence from chromosome studies suggested that a

classification based on pollen morphology may be somewhat artificial.

Wernham suggested that the Thunbergieae are closely related to the

Convolvulaceae, but that they ought to be classified with Acanthaceae

because of their "primitive" retinacula. Melchior maintained the same
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general classification of the family as Lindau, while admitting that the

subfamilies are indeed strongly marked. Leonard also followed Lindau's

circumscriptions in his treatment of tropical American groups.

Changes in and additions to the general classification of Acanthaceae

continue to the present, with the general tendency of one school (repre-

sented by Bremekamp and Raj) to emphasize minor differences in pollen

morphology, anther, and other floral characters in recognizing numerous

segregate taxa; and the other school (represented by Melchior and

Leonard) to follow the broad generic interpretations of Lindau. Melchior

stated the situation accurately when he said, "Auch die naturliche Glieder-

ung der Acanthaceae . . . ist noch in Fluss.''

The phylogenetic relationships of Acanthaceae are also controversial.

Baillon thought the family was related to both the Scrophulariaceae and

the Labiatae on the basis of stamen morphology and to the Bignoniaceae

on the basis of calyx and fruit characters. He thought Acanthaceae were

also related to Boraginaceae and to Convolvulaceae through their nearly

actinomorphic flowers. Bessey considered Acanthaceae as descended from

Scrophulariaceae or groups ancestral to them. Engler and Diels placed

the family between Globulariaceae and Myoporaceae in the vicinity of the

large and complex Gesneriaceae. Hegnauer, on the basis of phytochemical

evidence, suggested that there is close relationship with the Verbenaceae-

Labiatae complex, but he may also have been influenced by Wettstein,

who had placed Acanthaceae in the Tubiflorae between Bignoniaceae and

Verbenaceae. Apparently, students generally agree that Thunbergioideae

is the most primitive subfamily on the basis of anatomical, embryological,

cytological, and palynological grounds.

Melchior considered the family to be an old, highly developed and
very natural group distinguished by the "sling mechanism," pollen mor-
phology, and the presence of cystoliths and thought that certain parallel

developments have occurred in the closely related Scrophulariaceae.

Bremekamp stated a diametrically opposing view that Acanthaceae sensu

Lindau cannot be regarded as a natural entity. He attempted to resolve

this problem by excluding what he considers are extraneous elements, as

the Thunbergiaceae, the Mendonciaceae, and the Nelsonieae. Bremekamp 's

"natural'' Acanthaceae is closely similar, then, to Lindau's subfamily

Acanthoideae. Raj concluded from his pollen studies, particularly of the

sporoderm, that Acanthaceae sensu Bremekamp is an assemblage of

primitive and advanced tribes. He concluded that the Strobilantheae,

Barlerieae. and Andrographideae are primitive, while Justicieae, Aphel-

andreae, and Acantheae are the most advanced.

As in most angiospermous groups, there is a sketchy fossil record.

Velenovsky & Viniklar believe Acanthaceae date back to Cretaceous times

because of their identification of fossils as Strobilanthes. Raj, from photo-

graphs by Kuyl, Muller, & Waterbolk, identified fossil pollen taken from
Miocene deposits as resembling that of Ruellia and Sanchezia. Because
there are so few tree-forms in the family and most taxa are tropical, it is

unlikely that fossil woods will be discovered. Investigations of fossil pollen
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appear to be the most promising avenue for historical documentation of

Acanthaceae.

The family is of little economic importance. A few plants have been re-

ported to have medicinal properties, but none is included in modern works
on materia medica. Bremekamp pointed out that the leaves of two new
species of the Indonesian genus Filetia contain inulin, a carbohydrate not
previously found in the family. Burkart listed a number of species, no-
tably Justicia campestris Griseb., that can be used for emergency forage.

Metcalfe & Chalk reported that blue dyes have been obtained from
Strobilanthes species and yellow dyes from Justicia species, but they ap-

parently have no economic value. The family is best known horticulturally

for its many unusual and interesting ornamental plants that occur in the

Because of their tropical nature, it is not surprising that the Acanthaceae

of the southeastern United States reach their best development in Florida.

Some genera only reach southern Florida, and others, such as Justicia and

Ruellia, are best represented in the United States within the state bound-

aries. Other genera represented in Florida, such as Barleria and Hemi-

graphis, are apparently not well established outside of cultivation, and still

others are found only in gardens. Andrographis has been reported as

occurring on chrome ore piles in Virginia but probably is not established

in our flora. These three genera are included in the key unnumbered and

in brackets.

Cultivated members of the Acanthaceae in the southeastern United

States, particularly in Florida, include Icantkus montanus T. Anders,

(leaves spiny); Aphelandra tetragona (Vahl) Nees (scarlet corollas,

hooded upper lobes); Crossandra in;

a

I V. -

scarlet-orange corollas); Eranthemum pule helium Andr. (E. nervosum

(Vahl) R. Br. ex Roem. & Schult.) (blue curved corollas); Fittonia

Verschafieltii E. Coem. (creeping herb; leaves white or red veined);

Graptophyllum pictum Griff, (shrubs, leaves variously marked, corollas

purplish or red, two lipped) ; various species of facobinia that resemble

Justicia (brightly colored two-lipped corollas, inflorescences various);

Odontonema strictum Kuntze (corollas bright red, flowers in close ra-

cemes) ; Pachystachys coccinea (Aubl.) Nees {Jacobinia coccinea (Aubl.)

Hiern) (shrub with dense heads of scarlet flowers); Peristrophe speciosa

(Roxb.) Nees (herb, flowers violet, subtended by two large bracts);

Pseuderanthemum atropurpureum (Bull ex De Vos) Radlk. (leaves

purplish or yellow blotched) ; Sanchezia nobilis Hook. f. (corollas yellow,

with yellow revolute rims); and Strobilanthes Dyeriana Mast. {Perilepta

Dyeriana (Mast.) Bremek.) (distinctive rose-purplish foliage).

Anderson, T. An enumeration of the species of Acanthaceae from th

at. Linn. Soc. Bot. 7:
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. On the identification of the Acanthaceae <

the possession of the Linnean Society of Lon

426. 1867.

Arndt, R. R., S. H. Eggers. & A. Jordaan. The alkaloids of Anisotes sessilt-

jioriis C. B. CI. (Acanthaceae) —5 new 4-quinazolone alkaloids. Tetrahe-

dron 23: 3521. 3552. 1967. [Structure by spectrographic analysis.]

Astudillo, R. V. A study of the vegetative characters of the different species

of the family Acanthaceae in Mount Makiling and their taxonomic impor-

tance. Philip. Jour. Forestry 19: 15-40. 1963.*

Baillon, H. Monographic des Acanthacees. Hist. PI. 10: 403-466. 1891.

[Divides family into six series.]

Beckner, J. Hemigr aphis reptans (Acanthaceae), a new Florida weed. Sida

3: 118, 119. 1967.

Besoist, R

5-105. 1912. [Includes references to earlier literature.]

. Contribution a la flore des Acanthacees de l'Afrique franchise. Not.

Syst. Paris 2: 284-288. 1912; 289, 290. 1913. [Notes and comments on 6

genera; includes key to Thunbergia spp.]

. Acanthacees de Madagascar. Bull. Mus. Hist. Nat. Paris 31: 386-

388. 1925. [Includes key to Mendoncia and new spp. in genus.]

Bentham, G.
?

& J. D. Hooker. Acanthaceae. Gen. PL 2: 1060-1122. 1886.

[Treatment prepared by Bentham.]

Bhaduri, S. A contribution to the morphology of pollen grains of Acanthaceae

and its bearing on taxonomy. Calcutta Univ. Jour. Dep. Sci. II. 1: 25-38.

1944. [Acanthus. Crossandra, Adhatoda, and Ruellia.']

Bremekamp, C. E. B. On the opening mechanism of the acanthaceous fruit.

S. Afr. Jour. Sci. 23: 488-491. 1926. (Cf. Bot. Centralbl. 159: 218. 1930.)

[Role of water-loss in sudden opening of fruit.]

. Notes on the Acanthaceae of Surinam. Rec. Trav. Bot. Neerl. 35:

130-171. 1938. [Includes key to genera and spp. based on pollen charac-

. Materials for a monograph of the Strobilanthinae (Acanthaceae).

Verh. Nederl. Akad. Wet. Afd. Natuurk. 2. 41(1): 1-306. pis. 1-6. 1944.

[Rejects Strobilantheae as artificial, refers emended Strobilanthinae to

broadened Ruellieae.]

. Notes on the Acanthaceae of Java. Ibid. 45(2): 1-78. 1948. [Dis-

cussions of generic problems in Just* -phila, Asystasia,

Dicliptera."]

. The delimitation of the Acanthaceae. Proc. Nederl. Akad. Wet. C. 56:

533-546. 1953.

. The Acantheae of the Malesian Area. I. General considerations. Ibid.

58: 162-171. 1955a.

. Notes on some acanthaceous genera and species of controversial posi-

tion. Acta Bot. Neerl. 4: 644-655. 1955b. [Emphasizes use of pollen

morphology in classification of genera and higher categories.]

. A revision of the Malaysian Nelsonieae (Scrophulariaceae). Reinward-
tia 3: 157-261. 1955c. [Stauru<yne Wall.. Xelsonia R. Br., and Elytraria

Vahl; Ophi

>•]
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. New Bornean Acanthaceae. Blumea 10: 151-175. 1960. [New genus
and new tribe, Borneacanthus, Borneacantheae.]

. Remarks on the position of some Australian Acanthaceae. Acta Bot.
Neerl. 11: 195-200. 1962. [Realignments in Ruelliinae and Justiciinae.

|

. On the systematic position of the Australian Nelsonias and Thunbergias
and of the Ruciiui -prnr- wlm h bv Domin were referred to Aporuellia
Clarke. Proc. Nederl. Akad. Wet. C. 67: 301-306. 1964. [Includes Bru-
noniella, nov. gen.]

. Studies in the flora of Thailand. 32. Scrophulariaceae. Nelsonieae;
Thunbergiaceae; Acanthaceae. (Second list.) Dansk. Bot. Ark. 23: 195-

224. 1965a. [Includes descriptions of new genera and spp.]

. Delimitation and subdivision of the Acanthaceae. Bull. Bot. Surv.

& N. E. Nannenga-Bremekamp. A preliminary survey of the Ruel-
liinae (Acanthaceae) of the Malay Archipelago and New Guinea. Verh.

Nederl. Akad. Wet. 2. 45(1): 1-39. 1948.

Burkart. A. Acantaceas indigenas como forrajeras de emergencia. Darwiniana
6: 192-202. 1 pi. 1943.

Burkill. I. H., & C. B. Clarke. Acanthaceae. In: W. T. Thiselton-Dyer,
ed., Fl. Trop. Afr. 5: 1-192. 1899; 193-262. 1900.

Carothie, H. Anatomia de la madera de dos generos de las Acantaceas. Re-

vista Forest. Venez. 4: 7-15. 1961. [Vessel elements larger in Bravaisia

than in Trichanthera.']

Clarke. C. B. Acanthaceae. In: ]. D. Hooker, ed., Fl. Brit. India 4: 387-

Danert, S. Uber die Symmetrieverhaltnisse der Acanthaceen. Flora 140: 307-

325. 1953.

Davis. G. L. Systematic embryology of the angiosperms. viii + 528 pp. New
York. 1966. [Acanthaceae. 31, 32; extensive bibliographic references.]

De. A. Cytological investigations in the family Acanthaceae. Sci. Cult. 32:

198, 199. 1966.

. Cytological, anatomical and palynological studies as an aid in tracing

affinity and phylogeny in the family Acanthaceae. I. Cytological studies.

Trans. Bose Research Inst. 29: 139-175. 1966; II. Floral anatomy. Ibid.

30: 27-43. 1967; III. General anatomy. Ibid. 51-65; IV. Palynology and

final conclusion. Ibid. 31: 17-29. 1968.

De Bary. A. Comparative anatomy of the vegetative organs of the phanerogams

and ferns. (Transl. and annot. F. O. Bower & D. H. Scott.) xvi + 659

pp. Oxford. 1884. [Acanthaceae, 137-143.]

Dethax. G. Des Acanthacees medicinales. These. £cole Super. Pharm. Paris.

vii + 186 pp. 1896. [Anatomical and pharmacological information.]

Ellis. J. L. Chromosome numbers in some members of the Acanthaceae. Sci.

Cult. 28: 191, 192. 1962. [Barleria, Crossandra. Echoluim. Justicia. Petah-

diitm. Strobilanthes.
\

Endlicher, S. Acanthaceae. Gen. PI. 696-708. 1839.

Erdtmax, G. Pollen morphology and plant taxonomy. Angiosperms. xn +
539 pp. frontisp. Stockholm; Waltham. Mass. 1952. [Acanthaceae. 30-

32.]

. B. Berclaxd, & J. Praglowski. An introduction to a Scandinavian

pollen flora. Grana Palynol. 2: 1-92. 1961. [Revised pollen terminology.]

Gigante. R. Embriologia deWAcanthus mollis L. Nuovo Giorn. Bot. Ital. II.

36: 5-33. pis. 1-10. 1929.
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up to 10 cm. in diam.]

Grant, \V. F. Cytogenetic and cytotaxonomic studies in Eupatorinm. Celosia.

and Acanthaceae. Ph.D. diss. Univ. Virginia, Charlottesville. 1953.

. A cytogenetic study in the Acanthaceae. Brittonia 8: 121-149. 1955.

Gray, A. Acanthaceae. Synop. FL N. Am. 2: 321-331. 1878.

Hallier, H. Indonesische Acanthaceen. Nova Acta Acad. Leop.-Carol. 70:

195-240. pis. 9-16. 1897.

. tJber /' cum sp n. und das System der Acan-

thaceen. Ann. Jard. Bot. Buitenzorg 15: 26-36. pi. 9. 1898. [Raises ques-

tions regarding value of pollen characters in determining phylogenetic re-

lationships.]

Hartmann, A. Zur Entwicklungsgeschichte und Biologie der Acanthaceen.

Flora 116: 216-258. 1923. [Includes Rwliui. Hemigraphis. Tlumber gia,

Blechum. Barleria, Beloperone.]

Hegnauer, R. Chemotaxonomie der Pllanzen. Band 3. Dicotyledoneae

Acanthaceae-Cyrillaceae. 743 pp. Basel & Stuttgart. 1964. [Acanthaceae.

41-49.]

Hess. R. W. Identification of New World timbers. Trop. Woods 86: 14-25.

1946. [Acanthaceae, 15-20; includes key to genera based on microscopic

anatomy: Bru-nisbi and Jrichanthera attain tree size.]

Hobein, M. Uber den systematischen Wert der Cystolithen bei den Acantha-

ceen. Bot. Jahrb. 5: 422-440. 1884.

Huard, D. Origine de quelques anomalies observees chez des pollens d'Acan-

thacees. Pollen Spores 7: 19-26. 1965. [Meiotic abnormalities produce

aborted pollen in Jacobinia, Crossandra.~\

Joseph, J. Chromosome numbers and abnormalities observed in a few mem-
bers of Acanthaceae. Curr. Sci. Bangalore 33: 56. 57. 1964. [Nelsonia,

Justicia, Ecbolium, Cardanthera.~]

Kaur, J. Chromosome numbers in Acanthaceae. II. Sci. Cult. 31: 531. 532.

1965; III. Ibid. 32: 142, 143. 1966.

Kntjth, P. Handbook of flower pollination. Vol. 3. (Transl. J. R. A. Davis.)

iv + 644 pp. Oxford. 1909. [Acanthaceae, 237-240. In German ed. cf.

i(2): 149-157. 1905.]

KUYL, O., J. MULLER, & H. WA
geology with reference to v

1955.

Lakela, O., & F. C. Craighead. Annotated checklist of the vascular plants of

Collier, Dade, and Monroe counties, Florida. 95 pp. Fairchild Trop.

Gard. & Univ. Miami Press, Coral Gables. 1965. [Acanthaceae, 82. 83.]

& R. W. Long. Plants of the Tampa Bay area. 109 pp. Univ. South

Florida Bookstore, Tampa. 1970. [Acanthaceae. 83, 84.]

Leonard, E. C. Botany of the Maya area. Miscellaneous Papers. N. The
Acanthaceae of the Yucatan Peninsula. Carnegie Inst. Publ. 461: 191—

23S. 1936.

. The Acanthaceae of Colombia. Contr. U.S. Natl. Herb. 31: 1-117.

1951; 119-322. 1953; 323-781. 1958.

. A new genus of Acanthaceae from Mexico. Wrightia 2: 1-3. 1959a.

\LundeUia. related to Ap/iehindm.]

. Five new species and one new variety of Acanthaceae recently col-
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lected in Venezuela. Bol. Soc. Venez. Ci. Nat. 21: 7-15. 1959b. [New spp
in Jttsticia. Ruellia.]

& L. B. Smith. Sanchezia and related American Acanthaceae. Rho-
dora 66: 313-343. 1964. [Includes new spp.]

Liebau. O. Beitrage zur Anatomie und Morphologie der Mangrove-Pflanzen.
insbesondere ihres Wurzelsystems. Beitr. Biol. Pflanzen 12: 182-213. 1913.

|
Acanthus ilicifolius, a mangrove plant.]

Lillo, M. Catalogo de las Acantaceas Argentinas. Lilloa 1: 21-66. 1937.
Lindau, G. Beitrage zur Systematik der Acanthaceen. Bot. Jahrb. 18: 36-64.

pis. 1. 2. 1894.

. Acanthaceae. Nat. Pflanzenfam. IV. 3b: 274-354. 1895.
Lixdley, J. Acanthaceae. Nat. Syst. Bot. ed. 2. 284, 285. 1836. [Early ref-

erences to family, together with revised classification.]

Linsbauer, K. Uber die kalkfreien Cystolithen der Acanthaceae. Ber. Deutsch.
Bot. Ges. 39: 41-49. 1921. [Details of development of cystoliths.

|

Lubbock, J. A contribution to our knowledge of seedlings. Vol. 2. viii + 608

pp. London; 646 pp. New York. 1892. [Acanthaceae, 348-365.]

Maheshwari, P., & V. Negi. The embryology of Dipteracanthus patului

(Jacq.) Nees. Phytomorphology 5: 456-472. 1955. [Includes review of

embryological research in family.]

Maiti, P. C. Andrographolide : the active principle of Kalmegh. Bull. Bot.

Surv. India 6: 63-65. 1964. [Kalmegh is Andrographis paniculata, pre-

scribed for liver ailments; includes bibliography.]

Martin, A. C. The comparative internal morphology of seeds. Am. Midi. Nat.

36: 513-660. 1946. [Acanthaceae, 627, 628, 629, 646.]

Mauritzox, J. Die Endosperm und Emb einiger Acanthaceen.

Lunds Univ. Arsskr. II. Sect. 2. 30(5): 1-41. 1934.

Meeuse, A. D. J., & J. M. J. de Wet. X Ruttyruspolia, a natural intergeneric

hybrid in Acanthaceae. Bothalia 7: 439-441. 1961.

Melchior, H. Acanthaceae. Engler's Syllabus der Pflanzenfamilien. ed. 12.

2: 456-460. 1964.

Metcalfe, C. R., & L. Chalk. Acanthaceae. Anat. Dicot. 2: 1014-1023. 1950.

Meyer. P. G. Beitrag zur Kenntnis der Acanthaceen Sudwestafrikas. Mitt.

Bot. Staatssam. Munchen 2: 300-306, 368-385. 1957.

. Die Acanthaceae und Euphorbiaceae Sudwestafrikas. Inaugural-Diss.

Naturw. Fak. Ludwig- Maximilians Univ. Munchen. 1961. [Includes keys

to spp.]

Mohax Ram, H. Y. Endosperm and embryo development in some Acantha-

ceae. Proc. 43rd Indian Sci. Con-r. 1956(3): 235. 1956. [Peristrophe,

Adhatoda. and Barleria.]

. Embryological characters in tin- classification of the Acanthaceae.

Proc. IN Int. Bot. Congr. 2: 267. 1959.

. Endosperm in Eranthemum nervosum. Curr. Sci. Bangalore 28: 169.

. The development of the seed in Andrographis serpylli folia. Am. Jour.

Bot. 47: 215-219. 1960. [Endosperm cellular from beginning.]

& P. Masaxd. Endosperm and seed development in Andrographis

echioides Nees. Curr. Sci. Bangalore 31: 7, 8. 1962.*

.
. & —

, Embrvology of Xelsonia campestris R. Br. Phytomorphology

13: 82-91. 1963.

& M. Wadhi. Endosperm in Acanthaceae. Ibid. 14: 388-413. 1964.

[Systematic review of studies in various genera; includes bibliography.]
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Nair, A. G. R. Luteolin as a characteristic flavone of Acanthaceae. Curr. Sci.

Bangalore 34: 79, 80. 1965.*

Narayanan, C. R. Somatic chromosomes in the Acanthaceae. Jour. Madras

Univ. B. 21: 220-231. 1951a.*

. Nucleolar conditions in meiosis of Barleria Prionitis. Ibid. 232-235.

1951b.

. Note on chromosome fragmentation in meiosis of Barleria Prionitis.

Ibid. 236, 237. 1951c*

. Studies in the Acanthaceae; microsporogenesis in Justicia Beta men.

Barleria /' toberosa. Ibid. 26: 189-207. 1956.

Natarajan, A. T. Studies in the morphology of pollen-Tubiflorae. Phyton

Buenos Aires 8: 21-42. 1957. [Survey of morphology of pollen of 81 spp.,

58 genera, in 10 families, including Thunbergia, Ruellia, Asystasia, Hygro-

phila, Andrographis, Justicia, and Barleria.]

Nees von Esenbeck, C. G. Acanthaceae Indiae Orientalis. In: N. Wallich,

PI. Asiat. Rar. 3: 70-117. 1832.

. Characters of new species of Indian Acanthaceae. Comp. Bot. Mag.

2: 310, 311. 1837.

. Acanthaceae. DC. Prodr. 11: 46-519. 1847.

.. Acanthaceae. In: K. F. P. von Martius, Fl. Brasil. 9: 6-163. pis.

1-31. 1847.

Pal, M. Chromosome numbers in some Indian angiosperms I. Proc. Indian

Acad. Sci. B. 60: 347-351. 1964. [Aphelandra, Barleria, Dianthera, Jus-

Pax, F. See L. Radlkofer.

Phatak, W. G., & K. B. Ambegaokar. Embryological studies in Acanthaceae

—the female gametophyte. Jour. Univ. Baroda 4: 87-97. 1955.* [Female

gametophyte of Elytraria acaulis, Barleria Prionitis. and Acanthus ilici-

folius. Cf. Proc. Indian Sci. Congr. Assoc. 43(3, abstr.): 227. 1955.]

&
. Embryological studies in Acanthaceae —endosperm and em-

bryo development in Barleria Prionitis L. Jour. Univ. Baroda 5: 73-87.

&
. Embryological studies in the Acanthaceae V. Development of

embryo sac and endosperm in Blepharis maderaspatensis (L.) Roth. Proc.

Indian Acad. Sci. B. 57: 88-95. 1963.

Pizzolongo, P., & M. D'Arienzo. Contributo alia cariologia del genere Acan-

thus. Ann. Fac. Sci. Agr. Portici Univ. Stud. Napoli III. 30: 175-183.

1965.

Rabiger, F. H. Untersuchungen an einigen Acanthaceae und Urticaceae zur

Funktion der Cystolithen. Planta 40: 121-144. 1951. [Includes discussion

of possible role of cystoliths in photosynthesis.]

Radford, A. E., H. E. Ahles, & C. R. Bell. Manual of the vascular flora of

the Carolinas. Ixi + 1183 pp. Univ. of North Carolina Press, Chapel Hill.

1968. [Acanthaceae, 971-974.]

Radlkofer, L. Ueber den systematischen Werth der Pollenbeschaffenheit bei

den Acanthaceen. Sitz-ber. Math.-Phys. Akad. Wiss. Munchen II. 13:

256-314. 1883. [First called attention to value of pollen characters in

systematics of family. See F. Pax, Bot. Jahrb. 5(Lit-ber.): 19, 20. 1884,

for a critical review.]

Raj, B. Pollen morphological studies in the Acanthaceae. Grana Palynol. 3:
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Rao, V. S. The floral anatomy of some BicarpeJlatae. I. Acanthaceae. Joi
Univ. Bombay II. 21(5,F

X

Record, S. J. Classification i

woods. Trop. Woods 47: 12-;

Reed, C. F. Androgr aphis, a genus of Acanthaceae new to eastern United
States. Castanea 26: 128. 1961. [A. echmoides Nees on chrome ore piles

near Newport News, Va.]

Rickett, H. \V. Wild Flowers of the United States. Vol. 2. The southeastern
States. Part 2, pp. 323-688. pis. 117-241. New York. 1968. [Acanthaceae,
444-449, pis. 164, 165. Species of Ruellia. Dyschoriste. Stenandrium, Di-

cliptera, and Justicia illustrated in color.]

Russow, E. Mittheilungen fiber secretfuhrende Intercellulargange und Cysto-
lithen der Acanthaceen, so wie fiber eine merkwfirdige bisher nicht beobach-
tete Erschei : nhaftzellen mehrer Arten der genannten
Familie. Sitz-ber. Naturf-ges. Univ. Dorpat 5: 308-316. 1880.

Sahi, B. G. Embryo sac endosperm in Andrographis paniculata Nees (Acan-
thaceae). Curr. Sci. Bangalore 35: 368, 369. 1966. [Distinctive embryo
sac and mature embryo.]

Santapatj, H. The Acanthaceae of Bombay. Univ. Bombay Bot. Mem. 2: 1-

104. 1951. [Keys to genera together with descriptions.]

. Notes on the Acanthaceae of Bombay. Jour. Bombay Nat. Hist. Soc.

51: 349-368. 1954. [Corrections and appendix to 1951 paper.]

. The flowering of Strobilanthes. Ibid. 56: 677. 1959. [Absence of

typical monocarpy in S. callosus Nees.]

Sayeedud-Din, M. Some common Indian herbs with notes on their anatomical

characters. III. Andrographis eckioides Nees. Jour. Bombay Nat. Hist.

Soc. 41: 548-550. 1940. [General anatomy.]

Schaffnit, E. Beitrage zur Anatomie der Acanthaceen-Samen. Beih. Bot.

Centralbl. 19(1): 453-521. 1906. [Detailed anatomical study of the 4

types of seeds described for family.]

Schnarf, K. Vergleichende Embryologie der Angiospermen. vi + 354 pp.

Berlin. 1931. [Contains review of embryology of Acanthaceae, especially

early literature.]

Schremmer, F. Acanthus mollis, eine europaische Holzbienenblume. Osterr.

Bot. Zeitschr. 107: 84-105. 1960. [Includes pollination by Xylocopa.]

Scott, F. M. Cystoliths and plasmodesmata in Beloperone, Fiats, and Boehm-

eria. Bot. Gaz. 107: 372-378. 1946.

Sell, Y. Les complexes inflorescentiels de quelques Acanthacees. Etude par-

ticuliere des phenomenes de condensation, de racemisation. d'homo^enei^a-

tion et de troncature. Ann. Sci. Nat. Bot. XII. 10: 225-300. 1969.

Sharma, B. D., & Vishnu-Mittre. Contribution to the pollen morphology of

the genera Eranthemum L. and Pseuderanthemum Radlkof. (Acanthaceae).

Proc. Natl. Inst. Sci. India B. 29: 520-526. 1963. [Four pollen types oc-

cur in 15 spp. of 2 genera.]

Solereder, H. Systematische Anatomie der Dicotyledonen. xvi 4- 984 pp.

Stuttgart. 1899. [Acanthaceae, 692-705.]

Sreemadhavan, C. P. Brt eae I : a new generic name.

Bull. Bot. Surv. India 6: 323, 324. 1964. [New name for Hapianthus.
\

Steenis, C. G. G. J. van. Gregarious flowering of Strobilanthes (Acanthaceae)

in Malaysia. Ann. Bot. Gard. Calcutta 150 Anniv. Vol.: 91-97. 1942.

Takizawa, Y. Die Struktur der Pachyt;



272 JOURNALOF THE ARNOLDARBORETUM [vol. 51

sowie eine Reihe neu bestimmter Chromosomenzahlen. Cytologia 22: 118—

126. 1957. [Identification of heterochrony tic regions in meiotic chromo-

somes in Thunbergia, Strobilanthes. Hemigraphis. Ruellia. Aphelandra,

Peristrophe, Hypoestes, Thyrsacanthits. Fittonia. Justicia. Beloperone.']

Tchotjproff, O. Quelques notes sur l'anatomie systematique des Acanthacees.

Bull. Herb. Boiss. 3: 550-560. 1895.

Tieghem, P. van. Structure du pistil et de l'ovule du fruit et de la graine

des Acanthacees. Ann. Sci. Nat. Bot. IX. 7: 1-24. 1908. [Thunbergiacees

proposed; not validly published.]

Uphof, J. C. Cleistogamic flowers. Bot. Rev. 4: 21-49. 1938. [Cleistogamy

occurs in 6 genera of Acanthaceae.]

Velenovsky, J., & L. Viniklar. New contributions to the Cretaceous flora

of Bohemia, 3. (Abstr.) Biol. Abstr. 5: 234, Abstr. 2413. 1931.

Vesque, J. Sur quelques formations cellulosiennes locales. 1. Elements nou-

veaux dans le liber des Acanthacees. Ann. Sci. Nat. Bot. VI. 11: 181-185.

pi. 9. 1881.

. Caracteres des principals families Gamopetales, tires de l'anatomie

de la feuille. Ibid. VII. 1: 183-360. pis. 9-15. 1885. [Acanthaceae, 326-

335; some anatomical characterizations of family, includes classification

of cystoliths.]

Wernham, H. F. Floral evolution with particular reference to the sympetalous

dicotyledons. New Phytol. 11: 145-166. 1912.

Wettstein, R. von. Handbuch der systematischen Botanik. ed. 4. x + 1152 pp.

Leipzig, Wien. 1933-1935. [Acanthaceae, 909-911.]

Willis, J. C. A dictionary of the flowering plants and ferns, ed. 7. (Revised

by H. K. Airy Shaw.) xxii + 1214 pp. + Key to the families of flowering

plants (liii pp.). Cambridge, England. 1966. [Includes Mendonciaceae

Bremek., Thunbergiaceae Bremek.]

Key to the Genera of Acanthaceae in the Southeastern United States

A. Retinacula papilliform or absent; herbs [shrubs] or vines without cystoliths;

anthers 2-loculate ; fruit a beaked or cuspidate capsule ; seeds 4 to many.
B. Vines; ovules 2 in each locule; calyx [annular or] toothed; stamens

4 [or 2], basal lobes of anther spurred or blunt; capsule beaked; pollen

spheroidal, spirotreme (subfam. Thunbergioideae) 1. Thunbergia.

Shoots not articulated; cystoliths absent; stamens 4, anthers 1-loculate;

pollen colpate (subfam. Acanthoideae) 3. Stenandrium.

Shoots articulated; cystoliths present; stamens 2 or 4, if 4 then at least

2 provided with 2-loculate anthers; pollen colporate or porate (subfam.

Ruellioideae).

D. Aestivation of corolla contorted; stamens usually 4; corolla actino-

morphic, subactinomorphic or zygomorphic.

E. Calyx actinomorphic or nearly so; stamens didynamous; in-

florescence various.
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F. Corolla limb actinomorphic or nearly so; capsule stipitate.

G. Inflorescence spiciform; bracts large, closely imbricate;
corollas not projecting beyond the bracts. . . 4. Blechum.

G. Inflorescence axillary, or axillary and terminal, cymose,
racemose, or paniculate, rarely in heads; bracts usually

small, rarely imbricate; corollas projecting well beyond
the bracts.

H. Calyx lobes lanceolate or linear; anther sacs blunt;

corolla limb actinomorphic or subactinomorphic.

5. Ruellia.

H. Calyx lobes bristle-like; anther sacs awned or

pointed at the base; corolla limb subactinomorphic.

6. Dyschoriste.

F. Corolla zygomorphic, bilabiate; capsule cylindrical, not

I. Inflorescence racemose; stamens united in a short tube;

2 fascicles or rows of hairs present on posterior of the

corolla [Hemigraphis]

.

I. Inflorescence axillary, clustered, or flowers apparently

solitary; stamens didynamous; corolla without hairs. . .

7. Hygrophila.

E. Calyx zygomorphic, the segments very dissimilar, posterior one

usually largest, anterior pair more or less united; stamens not

didynamous; inflorescence a dense terminal spike. . [Barleria).

Aestivation of corolla cochlear; stamens 2 or 4; corolla zygomorphic,

J. Ovules six or more in each locule; capsule not stipitate.

[Andrographis]

.

J. Ovules two in each locule; capsule more or less distinctly

stipitate.

K. Stamens 4 8. Asystasia.

K. Stamens 2.

L. Stems 6-angled; calyx subtended by two partially united

bracts; placenta separating from the mature capsule

valves 9. Dicliptera

L. Stems subterete or slightly quadrangular; bracts distinct;

placenta remaining attached to the valves of the capsule,

10. Justicia,

Subfam. THUNBERGIOIDEAELindau

1. Thunbergia Retzius, Physiogr. Sallsk. Handl. 1(3): 163. 1776,

Climbing, often twining herbaceous for woody] vines for shrubs] with

articulated stems. Leaves prevailingly sagittate, hastate, or cordate at

the base. Flowers large, pedunculate, solitary in the axils [or in racemes,

rarely cymose] ; subtending bracts 2, spathaceous, large. Calyx persistent

[variously reduced or shortly cupuliform, truncate] or S-16-lobed. Corolla

subactinomorphic to slightly zygomorphic, large, funnelform or salverform,

tube slender, short, curved or straight, enlarged into a spreading 5-lobed
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limb. Stamens didynamous, attached near the base of the tube; anthers

with an apiculate connective, appendaged at base; pollen large, mostly

85-100/x in diameter, spirotreme, spheroidal. Disc present, fleshy. Stigma

infundibular or peculiarly 2-lobed (see Fig. If); ovary fleshy, ovules 2

in each locule, funiculus pulvinate. Capsule rounded, coriaceous, abruptly

flat-beaked, subtended by persistent bracts, loculicidally dehiscent; seeds

2 in each valve. Seeds semiglobose, with a conspicuous excavation on the

inner side; retinacula none. (Not Thunbergia Montin, Vet. Akad. Handl.

Stockholm 34: 288. pi. 11. 1773, nom. rejic. = Gardenia Ellis [Rubia-

ceaej.) Type species: T. capensis Retz. (Named for Carl Pehr Thun-

berg, 1743-1822, Swedish student and successor to Linnaeus, who traveled

in Japan and South Africa and wrote floras of these regions, later professor

of botany at Uppsala.) —Clock-vine.

About 200 species of the Old World tropics, with 12 or more occurring

in the American tropics and subtropics in cultivation or more or less

naturalized, two of these in peninsular Florida. Thunbergia alata Bojer

ex Sims, In — 18, a slender, herbaceous vine with winged petioles and

pale yellow to orange corollas, usually with a dark-purple "eye," is locally

abundant along roadsides in moist thickets and near abandoned homesites

southward from Brevard and Sarasota counties, Florida. It is a native of

East Africa but is now thoroughly naturalized in many tropical areas.

None of the Florida specimens has the rusty-villous pubescence found on

younger stems and leaves of many specimens from the West Indies. Bre-

mekamp (1948) formally described several new varieties in T. alata in Java
based on degrees of pubescence of stems and leaves, but they hardly

appear worthy of taxonomic recognition. The Indo-Malayan T. jragrans

Roxb. (T. volubilis Pers.), also a smooth, herbaceous vine with usually

hastate leaves but with white corollas, has been collected in hammocks
along the Indian River, Brevard County, Florida. A number of va-

rieties, again based on pubescence and on leaf shape, have been recog-

nized in this species by both Nees and Clarke. Thunbergia grandiflora

Roxb.. In = 28, 56, an herbaceous or somewhat woody twining vine

with large, bright-blue to white, more or less campanulate corollas, a

native of India, is cultivated in southern Florida and may persist after

cultivation, but apparently has not become established as an escape.

All three species belong to sect. Thunbergia (§ Euthunbergia Benth.
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& Hook.) on account of their two-lobed stigmas and solitary axillary

flowers.

The remarkable anatomy of Thunbergia has occasioned studies by

Chodat, Roulet, and Mullenders. Interxylary phloem is produced directly

from the inner surface of an otherwise normal cambium in T. mysorensis

T. Anders, (sect. Hexacentris (Nees) Benth. & Hook.) and in T. grandi-

flora. This "centrifugal" phloem is produced independently of the other

secondary tissue. Also, xylem bridges that differentiate in a tangential

fashion occur in normal phloem tissue. The presence of medullary xylem

in a number of species is similar to that found in Mendoncia.

Roulet also investigated certain intrageneric relationships from an

anatomical comparison of the stem and the morphology of pollen. He
concluded that T. jragrans and T. alata are not closely related, but rather

that T. jragrans is more closely allied with the African T. hastata, T.

capensis, and T. hirta\ T. alata is related to T. reticulata and T. annua,

of East Africa.

Some interesting observations have been made regarding the repro-

ductive biology of Thunbergia. Cammerloher (see also Faegri & Van der

Pijl) reported that the extra-floral nectaries of T. grandi flora function

as part of the pollination system. Certain carpenter bees, such as Xylo-

copa aestuans and X. latipes, have been observed as pollinators of this

species. The bee must crawl into the corolla tube and in so doing pushes

against the stigma. The stigma and anthers are in an expanded outer

chamber of the tube, while a constriction in the tube separates this from

a small inner chamber that incloses the ovary and nectary. The thick

wall of the tube at the constriction prevents tearing of the corolla and

blocks passage of the insect. A narrow channel runs down to the nectary

alongside the style, and the insect must extend its tongue along this to

reach the nectar. Hairs attached to the anthers are touched by the insect

and this results in the anthers being pulled down on its back, which

is dusted with pollen. Xylocopa bees are often nectar "thieves" and

from the outside will chew a hole through the base of the corolla thereby

obtaining access to the nectar. This "illegitimate" circumvention of the

pollinating mechanism is prevented, however, by ants attracted to the

extrafloral nectaries on the bracts, pedicel, and calyx. If another insect,

such as a Xylocopa, is similarly attracted by the extrafloral nectar, the

ants aggressively chase it away. Flowers lacking these nectaries almost

invariably have corollas with holes in their bases. Various other floral

adaptations to insect pollination have been reported for T. alata and T.

erect a (Benth.) T. Anders, by Knuth.

Cytological studies in Thunbergia point to the widespread occurrence

of polyploidy. Mangenot & Mangenot have reported In = 32. 48, and

64 for three species, which suggests a base number of x = 8. Other

numbers reported for the genus (2n = 18, 28) may have resulted through

aneuploidy. Additional counts would be important in Thunbergia, but

the available evidence already suggests that variation in chromosome

number has been important in speciation within the genus.
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•elated to Thunbergia has been a matter

Nees (1847) maintained Thunbergia,
Mcycnia Xees. and Hexacentris Xees as separate genera. Anderson, how-
ever, did not, and later Bentham & Hooker treated the three as sections

of an inclusive Thunbergia. Radlkofer suggested on the basis of pollen

and anatomical characters restoration of Mcycnia to generic rank. He
was followed by Lindau (1893), who treated Thunbergia, Meyenia, and
Pseudocalyx as constituting subfam. Thunbergioideae, while placing the

tropical American Mendoncia in a separate subfamily, Mendoncioideae,
on the basis of its drupaceous fruit, absence of retinacula, and pollen

morphology. (Lindau's is the most recent review of Thunbergia in its

entirety. In it he established four sections based on the morphology of the

stigma and the inflorescence.) Roulet (1894), after a detailed anatomical

study, concluded that the three genera could not be maintained separately.

Van Tieghem, however, disagreed and, stressing pollen, anther dehiscence,

and petiolar anatomy, restored Hexacentris to generic rank and concurred

with Radlkofer and Lindau in maintaining Meyenia as distinct from

Thunbergia.

Bremekamp initially accepted the inclusion of Thunbergia in the Acan-

thaceae but later (1953) decided to follow Van Tieghem (1908; see

under Family References), who had proposed the establishment of a

separate family, Thunbergiacees, on the basis of the rostrate capsule and

distinctive excavation on the ventral side of the seeds. Bremekamp
thought Thunbergia to be more closely related to Mendoncioideae, Big-

noniaceae, and Pedaliaceae than to Acanthaceae. Both Lindau and

Bremekamp attached great taxonomic significance to pollen types in

their classification of Thunbergia, and Raj concurred with Bremekamp

that Thunbergioideae ought to be raised to family status on the basis

of pollen characters. He also recommended that Meyenia be excluded

from the family and transferred to the Pedaliaceae, again on the basis of

pollen characters. It appears obvious that the uncertainty of the rela-

tionships of Thunbergia cannot be removed by conventional taxonomic

approaches. Additional information derived from cytogenetical and chemo-

taxonomic techniques is very desirable for this genus.
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Subfam. NELSONTOIDEAELindau

2. Elytraria Michaux, Fl. Bor.-Am. 1: 8. 1803, nom. cons.

Acaulescent [or caulescent] rigid herbs with basal rosettes. Leaves

alternate or sometimes subopposite, basal [or crowded at the ends of

branches]. Flowers borne in dense, scapose, terminal spikes, peduncles

and inflorescence bearing imbricate, coriaceous bracts; bracteoles sub-

tfiidinu calyx somewhat shorter than the calyx. Calyx 4-parted, scarious,

segments narrow, dentate or entire at the apex. Corolla blue or white, tube

cylindrical, limb slightly bilabiate, lower lip 3-lobed. Stamens 2. barely
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exserted. anthers sometimes awn-tipped at the base, 2-loculate, locules

equal, parallel; staminodia usually absent; pollen 3-colpate, syncolpate,
prolate, about 30 X 40 M in diameter, shed at the 2-ceIled stage. Ovary
2-loculate. placentation parietal, ovules 6-10 in each locule, amphitro-
pous. funicular obturator and retinaculum absent. Capsule narrow, acute
at apex, contracted at base, thick- walled, with explosive dehiscence. Seeds
more or less flattened; embryo spatulate, slightly bent; endosperm pres-

ent, ruminate. Embryo sac with persistent antipodal cells, often be-

coming binucleate; endosperm cellular, conforming to the Pedicularis type;

embryogeny conforming to Lythrum- variation of Onagrad type. (Tubi-

flora J. F. Gmel., nom. rejic.) Type species: E. virgata Michx., nom.
illeg. = E. caroliniensis (J. F. Gmel.) Pers. (Name derived from Greek
elytron, sheath, referring to the coriaceous bracts that cover the scapes

and subtend the flowers.)

A small genus of perhaps 15 species in the tropics and subtropics of

both Old and New worlds. The American species were treated by
Leonard, who recognized twelve species in the Western Hemisphere. In

our flora the genus is represented by Elytraria caroliniensis (J. F. Gmel.)

Pers. var. caroliniensis (E. virgata Michx., Tubiflora caroliniensis
[
Walt.

|

J. F. Gmel.), which occurs on the Coastal Plain from southern South

Carolina to southern peninsular Florida (Lee County), where it is lo-

cally abundant in bottomlands, wet pine barrens, and in calcareous

gravel. It is a well-marked species with large, basal leaves in a rosette,

and a stout, virgate scape with one or more spikes. In southern Florida

(Collier and Dade counties) a narrow-leaved form, E. caroliniensis var.

angustijolia (Fern.) Blake (Tubiflora angustijolia (Fern.) Small) is some-

times frequent locally, also in wet or rocky soil. Beyond our range, E.

bromoides Oerst.. a somewhat dwarf form that may prove to be a geo-

graphic subspecies of the E. caroliniensis complex, occurs in Texas.

The taxonomic position of Elytraria and that of the Nelsonioideae have

been controversial since St. Hilaire first included the genus in the Acan-

thaceae (1805). Sprengel, for one, did not accept this decision and trans-

ferred the genus to the Scrophulariaceae (1817), a course also followed

by Link (1821). Lindley (1847) placed Elytraria in his segregate family

Nelsoniaceae. Lindau established the subfamily Nelsonioideae because,

on the basis of the general habit of the plants, the presence of papilliform

retinacula in a number of genera, and the presence of explosively dehiscent

capsules, he believed the genera properly belong in the Acanthaceae. The

Nelsonioideae, including five genera, three of them monotypic, is the

largest of his first three subfamilies. After a detailed study of various

groups of genera, Bremekamp (1953, 1965) proposed that the Nelson-

ioideae be transferred to the Scrophulariaceae "in the vicinity of the

Rhinantheae." Earlier, however, Bhaduri had expressed the view that

possibly the Nelsonioideae did not even deserve subfamily rank, since the

pollen resembles that of Acanthus and Crossandra, of the Acanthoideae,

and is not otherwise distinctive.
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Johri & Singh challenged Bremekamp's views and after a detailed study

of microsporogenesis, megagametogenesis, embryogeny, and endosperm

formation concluded that Elytraria is in general conformity with other

members of the Acanthaceae. The only feature of special interest is the

formation of peripheral endosperm cells that form prominent ridges owing

to unequal growth. This imparts an uneven or ruminate appearance to

the structure, a feature uncommon in Acanthaceae. In an elaborate de-

fense, Bremekamp (1965) emphasized the alternate leaves, parietal

placentation, scapose habit, and type of endosperm in Nelsonioideae. all

characters that tend to associate the group with Scrophulariaceae. particu-

larly tribe Rhinantheae. He concluded that Johri & Singh did not prove

that the Nelsonioideae belong with the Acanthaceae. although he not only

ignored the embryological data, but also the pollen characters and the

hemiparasitism of Rhinantheae, a characteristic unknown in Nelsonioideae.

Morton has reported 2« = 38 for three African species of Elytraria. sug-

gesting a base number similar to that for other Acanthaceae. Martin de-

scribed what he termed a "spatulate," slightly bent embryo in Elytraria.

although the Acanthaceae generally produce non-spatulate, strongly bent

embryos. Certainly the total evidence is equivocal, and one must conclude

that the position of Elytraria and other Nelsonieae is uncertain at the

present time. Probably no special advantages would accrue from a trans-

fer to the Scrophulariaceae since other problems would then arise. Addi-

tional cytological information, as well as genetic and chemotaxonomic

evidence, ought to shed light on the systematic position of the group.
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313. 1938. [£. prolijera, E. crenata, E. planijolia, E. Klugii, spp. nov.
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and a Mendoncia from Venezuela.]
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Wilbur, R. L. The identity of Walter's species of Anonymos. Jour. Elisha
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Subfam. ACANTHOIDEAELindau emend. Brerr

Tribe Aphelandreae Xees emend. Bremek.

Subtribe Aphelandrinae Bremek.

rium Nees in Lindley, Nat. Syst. Bot. ed

Perennial acaulescent [caulescent or suffrutescent] herbs. Leaves entire.,

often radical. Flowers borne in scapose spikes [or subsessile or sessilej

peduncles axillary, leafless], simple [or branched |; bracts herbaceous,

imbricate, lanceolate to ovate, entire [sometimes dentate]; bracteoles

Ilk. \N4

; ,
. ;.., -fj. piani, a i . u,

corolla in vertical section to show position of stamens and staminodium. X 3
;

c,

flower with bract and two bracteoles, corolla removed. X 4; d, portion of corolla

tube in vertical section showing two of four stamens and staminodium, X 15;

X IS; g, open capsule with two of four seeds retained —note retinacula above,

X4;h, seed with echinate seed coat, after r

hygroscopic hair from seed coat, after i

oriented as in seed (h), X 5.
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subtending calyx short, setaceous. Calyx lobes 5, subequal, narrow, acute,

striate-nerved. Corolla infundibuliform, pinkish, purple (or white], tube

cylindrical, slender, somewhat oblique and slightly enlarged at the throat,

limb [4- or] 5-lobed, spreading, lobes rounded, subequal, retuse or obo-

vate, imbricate. Stamens didynamous, adnate in the throat of the tube,

included; filaments very short; anthers 1-loculate, linear, connivent or

almost cohering in pairs, muticous at base; pollen variable, spheroidal,

with indistinct apertures [or 3-colpate, prolate, reticulate or anomotreme,

pantoporate]. Disc inconspicuous, truncate. Style filiform, stigma sub-

clavate, obconical, simple or obscurely 2-lobed; ovules 2 in each locule.

Capsule subfusiform, oblong to subterete; seeds 4, or sometimes fewer

by abortion, orbicular, piano-compressed, minutely muricate, echinate [to

hispid], each subtended by a long retinaculum. (Gerardia L., nom. rejic.)

Lectotype species: S. mandioccanum Nees. (Name from Greek stenos,

narrow, and andros, male, referring to the narrow anthers characteristic of

the Aphelandreae.)

A genus of remarkable distribution with perhaps 30 species, all in

tropical and subtropical regions of the Western Hemisphere, except for

one that is endemic to Madagascar. Our representative is 5. duke (Cav.)

Nees var. floridanum Gray (S. floridanum (Gray) Small, Gerardia flori-

dana (Gray) Small), an inconspicuous, uncommon, low herb of seasonal-

ly wet pinelands, moist sandy soil, and grassy roadsides of southern

peninsular Florida, from Citrus and Osceola counties south into the Florida

Keys. Our plants are very similar in appearance to the highly variable

var. duke, which ranges from southern Chile to Mexico; they differ

chiefly in usually having upper bracts and bracteoles glabrous or spar-

ingly hirsute-ciliate, rather than hirsute. They are highly variable in

pubescence and in leaf morphology, the blades varying from narrowly

spatulate to suborbicular. Individual plants may be from 4-6 cm. to

15 cm. tall. Superficially, 5. duke var. floridanum also appears to be re-

lated to the Mexican S. subcordatum Standi., of Yucatan, and to S. mexi-

canum Leonard. Other Mexican plants, such as 5. fascicular (Benth.)

Wasshausen may also be elements of the 5. duke complex. Our plants do
not, however, appear to be closely related to 5. barbatum Torr. & Gray, a

very hirsute, many-stemmed plant with numerous, crowded leaves, which
occurs in Texas and New Mexico.

The relationships of the genus are apparently with other tropical

American Aphelandrinae. Nees (1847) thought Stenandrium to be near-

est Crossandra. He divided the 16 species into two informal groups,

"Acaulia vel subacaulia . .
." and ''Caulescentes . . .

." Strangely,

Bentham & Hooker placed the genus in the tribe Justicieae, subtribe

Asystasiinae, among genera to which it bears no relation. Lindau fol-

lowed Nees in placing Stenandrium in Aphelandreae; his classification

suggested intergeneric relationships with the monotypic Central American
Strobilacanthus Griseb. and with the large tropical American genus Aphel-

andra R. Br. Lindau recognized two unequal sections, sect. Stenandrium
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(§ Schizostenandrium Lindau) and sect. Sphaerostenandrium Lindau,
based entirely on differences in pollen morphology. Our species would
be placed in the latter. The present subgeneric disposition of species must
be considered unsatisfactory, since one species, the Brazilian S. trinerve
Nees, has one variety in one section, another variety in the other! Breme-
kamp initially placed the genus in Acantheae (1948) but later returned
it to the Aphelandreae (1965).

Stenandrium is one of several genera of Acanthaceae that exhibit a wide
range of pollen types. Raj found that the pollen of S. barbatum was 3-

colpate, goniotreme, prolate; that of 5. trinerve anomotreme, spheroidal;

that of S. Pohlii Nees (Brazil) 6-7-porate, spheroidal; and that of 5.

droseroides Nees 3-colpate, prolate, with finely reticulate sculpturing. Pol-

len-grain size, however, was fairly uniform. With this much variation in

pollen morphology it appears that pollen characters are not a sound basis

for future monographic revision.

Chromosome counts are highly desirable, since not a single species of

Stenandrium has been reported on cytologically.

Under family references see Baillon (p. 4

1965), Gray, Hallier (1898), Lindau (1895), Leonard (1953), Lindley

(1836), Nees (1847), and Raj.

Leonard, E. C. Acanthaceae Americanae novae vel criticae. Wrightia 2: 75-82.

1960. [Includes description and figure of S. Carolinae Leonard & Proctor

and formal publication of S. bracteosum (Britt. & Millsp.) Britton ex

Leonard, comb, nov., a close relative of the new sp.]

-. A new Stenandrium from the State of Durango, Mexico. Ibid. 83-85.

|
S. peloriwn Leonard, an unusually large sp.]

Standley, P. C. Three new plants from Yucatan. Jour. Arnold Arb. 11: 47, 48.

1930. [Includes 5. subcordatum Standi.]

Thieret, J. W. Proposal for the conservation of the generic name Stenandrium

Nees versus Gerardia L. (Acanthaceae). Taxon 5: 58. 1956.

tribes, none of which is precisely delimited. They all, however, are

characterized by usually contorted' aestivation of the corolla lobes, by

spheroidal or ellipsoidal, 3- or more-porate pollen grains, and by reticulate,

spinulose, or banded pollen surfaces. Lindau's tribes Hygrophileae, Pet-

alidieae, Strobilantheae, and Barlerieae, are retained as subtribes with

considerable emendation by Bremekamp; they are distinguished largely

on the basis of differences in pollen morphology. The descriptive anatomy

of several genera of Ruellieae showing comparative relationships was re-

ported by Tchouproff.
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Subtribe Blechinae Bremek.

4. Blechum P. Browne, Civ. Nat. Hist. Jamaica 261. 1756.

Perennial herbs. Leaves petiolate, entire, repand, dentate or crenate.

Flowers small, sessile or on very short pedicels in the axils of bracts; in-

florescence a more or less dense, terminal [or axillary] spike or spiciform

raceme; bracts imbricate, ciliate, broad, suborbicular [or elongate].

Calyx deeply 5-parted, segments linear-subulate, nearly equal [or un-

equal, almost bilabiate J. Corolla infundibuliform, white or purplish; tube

elongate, slender; limb short, nearly equally 5-lobed, contorted in aestiva-

tion, barely or not extending beyond the subtending bracts of the flower.

Stamens didynamous, included, adnate about the middle of the tube;

anthers 2-loculate, muticous, locules parallel; pollen 3-colporate, syncol-

porate, spheroidal, about 47 ju in diameter. Style filiform; stigma subulate,

obscurely lobed, the posterior lobe minute; ovules few to 6 in each locule.

Capsule broadly oblong [ovoid or orbicular], with a short, narrow base.

Seeds suborbicular, piano-compressed, surface with mucilaginous hairs

when moistened; supporting retinacula acute; septum breaking away in

the mature capsule. Type species: Ruellia Blechum L. = Blechum
Brownei Juss. (Apparently a Greek name for wild pennyroyal. Mentha

Pulegium L.)

Blechum is a small genus of 1

digenous to the American tropic

the Old World tropics as a weed and is now rather common in warm cli-

mates of the world. In general, the genus is recognized by its dense,

sometimes 4-sided spike, very reduced flowers, and the mature capsules in

which the septum breaks away from the capsule wall. Our single repre-

sentative is B. Brownei (B. pyramidatum (Lam.) Urban; cf. Bremekamp,
1938, p. 149), 2n = 34, which occurs as an occasional naturalized weed
in extreme southern Florida, usually in damp soil and in the margins of

mangrove areas (Lakela 26876, gh, usf). The species can be easily

recognized by its dense, conspicuously bracteate, 4-sided spikes and small

flowers. It is widely distributed throughout the American tropical regions

in open cultivated or waste places, in both dry and moist soil, from eastern

and southern Mexico through Central America and the West Indies to

northern South America. It has been introduced as a weed in the Old

World tropics.

The intergeneric relationships of Blechum are uncertain. Nees (1847)
placed the genus in his subtribe Dicliptereae, believing it to be allied to

Dicliptera and Rungia on the basis of the detachable septa in mature
capsules of all three genera. Nees's reference to the occurrence of Blechum
in Madagascar and the East Indies is unclear, since he does not record

any of the eight species described as having been found there. Bentham
& Hooker placed the genus in the subtribe Petalidiinae, while recognizing

that its three to many ovules per locule made it dissimilar to other genera
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in the group. Lindau classified Blechum in his tribe Petalidieae together
with four other genera, but Bremekamp & Nannenga-Bremekamp (1948)
removed it to a subtribe of its own because of its racemose inflorescence

and peculiar pollen. It should also be pointed out that they stated that

the separation of Petalidiinae, Blechinae, and Ruelliinae is based only
on differences in the morphology of pollen. Melchior has gone a step

farther and recognized the tribe Blecheae (including only Blechum) and
has placed it near the Barlerieae.

Grant reported that Blechum Brownei has 34 somatic chromosomes, as

does Ruellia, and said that karyology and chromosome number indicated

affinity of the two genera and provided little evidence for their separation.

Satellite chromosomes were observed in both genera, with the satellites

attached by a slender thread to the short arm of a chromosome with a

subterminal centromere. He suggested that Blechum may have been de-

rived by hybridization of plants with basic chromosome numbers of x =
8 and % = 9. Leonard (1951) also emphasized the similarity of Blechum
and Ruellia. pointing out that the only conclusive difference between the

two is the breaking away of the septum from the mature capsule in

Blechum. while it remains intact in Ruellia. The type species of Blechum

was first thought to be a Ruellia because of its close morphological similar-

Oersted recognized in Blechum two subgenera based on morphology

of the calyx and bracts, Blechum (subg. Eublechum Oerst.) and Chilo-

blechum, which were treated as sections by Lindau (1895) with the

species about equally divided between the two. In his treatment of Acan-

thaceae of the West Indies Lindau (1900) recognized three species of

Blechum, with the others restricted to Central America and Mexico, but

both sections are represented over the range of the genus.

Under family references see Baillon (p. 433), BENTHAM& Hooker. Breme-

kamp & Xannenga-Bremekamp (1948i. Grant. Leonard (1951), Lindau

(1895). Melchior. Nees (1847). and Raj.

Jussieu. A. L. de. Memoire sur le Didiptera et le Blechum. genres nouveaux

de plantes, composes de plusieurs especes auparavant reunies au Justicia.

Ann. Mus. Hist. Nat. Paris 9: 251-271. 1807.

I. Urban. Symh. Antill 2: 170-250. 1900.

[Blechum, 185-188.]

Oersted. A. S. Mexicos og Centralamerikas acanthaceer. Vidensk.

Naturl. For. Kj0benhavn 6: 113-181. 1854. [Subg. C/ulobleckum.]

Subtribe Ruelliinae Bremek.

Ruellia Linnaeus. Sp. PI. 1753; Gen. PI. ed. 5. 238. 1754.

Perennial caulescent herbs [or shrubs], usually pubescent. Leaves ses-

le or petioled, mainly entire, undulate | rarely dentate]. Flowers large
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and showy (usually), or small and cleistogamous, solitary, or more

clustered in the leaf axils, or borne in terminal or axillary cymes (

mose panicles: hracteoles sessile or subsessile, narrow, small [o

oblong to lanceolate, herbaceous, imbricate, and conspicuous]. Calyx

deeply 5-parted or cleft, the segments linear or narrow, acute, subequal

for posterior lobe larger, or 2 -lipped J . Corolla infundibuliform, purple,

lavender, white [red, rose, or yellow], sometimes saccate: tube short to

long (sometimes quite long), narrow below, straight or oblique; limb of

5 obtuse, spreading lobes, nearly regular
|
or 2 posterior lobes connate at

the base forming a lip|, aestivation convolute; cleistogamous flowers with

corolla small, tubular, closed. Stamens 4, rarely 5, didynamous, adnate

below the throat, included for exserted] ; anthers parallel, 2-loculate,

oblong-sagittate, muticous ; filaments dilated at the base, anterior filaments

larger; pollen 3-porate, spheroidal, from 47 to 99 /* in diameter. Disc in-

conspicuous |or frequently conspicuousj. Style slender, usually slightly

recurved at apex; stigma simple, subulate or 2-lobed, the lobes equal or

posterior lobe short or obsolete; ovules 2-10 in each locule, anatropous.

Capsules linear-oblong, narrow, or clavate, somewhat flattened, base very

short or contracted into a solid, elongate stipe. Seeds 4-20, piano-com-

pressed, suborbicular, with a mucilaginous coat that exhibits, after moisten-

ing, tapered, short hairs with walls marked internally by rings or spirals;

retinacula elongate, acicular, hooked. 2n = 34. (Including Aphragmia

Nees in Lindl., Arrhostoxylum Nees in Mart.. Cryphiacanthus Nees, Dip-

teracanthus Nees.) Lectotype species: Ruellia tuber osa L.; see Britton

6 Brown, Illus. Fl. No. U.S. ed. 2. 3: 241. 1913. (Named in honor of

Jean de la Ruelle, 1474-1537, a French physician and herbalist.)

The second largest genus of Acanthaceae with about 250 species dis-

tributed throughout the tropics and subtropics; relatively few species in

the temperate regions of North America; six indigenous species and three

introductions in the southeastern United States. The genus has an inter-

esting quadricentric distribution that corresponds in general to that for

the family, with centers of variation in Brazil, Indo-Malaya, Central

America, and Africa. The circumscription of Ruellia adopted here is es-

sentially that of Lindau (1895). The genus has long been recognized as

taxonomically very difficult, and Lindau freely admitted that his intrage-

neric classification was tentative.

Our most important species is the polymorphic Ruellia caroliniensis

(J. F. Gmel.) Steud. subsp. caroliniensis, sensu stricto (R. hybrida Pursh,

R. parviftora sensu Small), which occurs throughout the Southeastern

States in a wide variety of habitats, such as bottomlands, sandy woods,

limestone soils, old fields, disturbed sites, scrub vegetation, etc. Fernald
described six varieties, in addition to the typical one, and five forms, pri-

marily on the basis of slight differences in leaf shape and on pubescence
patterns. These appear to be of doubtful taxonomic value, since they

describe minor variations induced by environmental modification or by
small genetic differences. In southern peninsular Florida occurs an en-
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Fig. 3. Ruellia. a-j. R.

12; c, flower bud, X 1 ; d, flower with five stamens, corolla partly laid open,

two views of anther, X 8; h, stigmata, X 8; i, ovary in partial section to show

X 2. k-n, R. humilis: k. open capsule one aborted seed
remaining in right-hand valve. 3: 1. seed with covering of hygroscopic hairs,

coat, showing internal spiral tags, X 200; n, embryo from
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demic variety, R. caroliniensis subsp. caroliniensis var. succulenta (Small)

R. \V. Long' 2 (R. succulenta Small), a distinctive ecotype generally re-

stricted to the Everglades region. Ruellia caroliniensis subsp. ciliosa

(Pursh) R. W. Long 8
is found in dry pinelands and scrub vegetation

from South Carolina to central Florida, thence west to southeastern Louisi-

ana. Hybrid populations of the two subspecies are frequent in northern

and central Florida in disturbed sites. A second endemic variety. R. caro-

liniensis subsp. ciliosa var. heteromorpha (Fern.) R. W. Long. 4 occurs in

sandy pinelands and in disturbed sites from Volusia and Lee counties,

Florida, south into the Keys. Hybrid populations of the two endemic

varieties are not uncommon in southern Florida.

Fernald also described a number of new but doubtfully important

varieties in R. humilis Nutt., a highly variable species that is found only

in the western part of our area, in open fields, dry prairies, and rocky soil

from Iowa and Kansas south to Texas, extending into western Virginia,

Tennessee, Alabama, and western Florida. Some introgression between

R. huni'di,\ and R. caroliniensis occurs in their area of overlapping dis-

tribution. Ruellia noctiflora (Nees) Gray is endemic to wet pinelands

and savannahs from southwestern Louisiana to northern Florida and

eastern Georgia; it is one of our most distinctive species because of its

elongate corolla tube and capsule. Genetic evidence (Long, unpublished)

indicates that it is related to the R. humilis complex. The Ozarkian R.

pedunculata Torr. ex Gray subsp. pedunculata extends from southern

Illinois south into western Louisiana, eastern Texas, and eastern Okla-

homa in calcareous or rocky soils. A disjunct subspecies, R. pedunculata

subsp. pinetorum (Fern.) R. W. Long, 5 a smaller and smoother form

but with the characteristic elongate peduncles of subsp. pedunculata. oc-

curs in low pinelands of South Carolina, northern Florida, and Louisiana.

Ruellia strepens L. (including R. strepens f. cleistantha (Gray) McCoy)
reaches its greatest development in the Mississippi basin and adjacent

areas and extends into the Carolinas and Virginia, principally in bottom-

lands and on calcareous soils. A related taxon, R. Purshiana Fern, (in-

cluding R. Purshiana f. claustroflora Fern.), is endemic to the mountainous

* - Ruellia caroliniensis subsp. caroliniensis var. succulenta (Small) R. W.
Long, stat. nov.

R. succulenta Small, Bull. NY. Bot. Gard. 3: 437. 1905.

,
" Ruellia caroliniensis subsp. ciliosa (Pursh) R. W. Long, stat. nov.

R. ciliosa Pursh. Fl. Am. Sept. 2: 420. 1814.

Dipteracanthui cSSosm (Pursh) Nees, Linnaea 16: 204. 1842.

R. kurmtii sensu Small, Fl. Southeast. U.S. 1084. 1903, and Man. Southeast. Fl.,

ng var. heteromorpha

R. hybrid* sensu Small, Fl. Southea

1 Ruellia pedunculata Torr. ex Gr;

Ruellia piutiorum Fernald, Rhodora 4
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region and Piedmont plateau from western Maryland south to Alabama, in
woods and on calcareous or acid soils. The morphology of the plant sug-
gests that it may be of hybrid origin involving R. strepens and R. caro-
liniensis. although Uttal reported that the two species grow in adjacent
areas and apparently do not hybridize. All these species represent sect.

Dipteracanthus (Nees) Lindau.

A second group of species in our flora has been introduced into Florida
from tropical America. The Mexican and Antillean R. Brittoniana
Leonard emend. Fern. (R. malacosperma sensu Small, non Greenman),
of sect. Physiruellia Lindau, has escaped from cultivation and is nat-
uralized in waste areas and around former bomesites in southern Florida,

possibly in Louisiana, and also in Texas. A single collection of R. mala-
cosperma Greenm., of sect. Ruellia, from Key West, Florida, indicates

that this plant is locally escaped. Apparently R. Lorenziana Griseb., an
Argentinian species of sect. Ruellia related to R. tuberosa L., is a new
addition to our flora that is locally naturalized near Homestead, Florida.

Although Britton & Millspaugh in their Bahama Flora state that R.
tuberosa occurs in the southern United States, no specimens of this com-
mon tropical weed have been seen from our area.

Ruellia is the only acanthaceous genus for which there is some infor-

mation about interspecific relations as determined by hybridization tests.

Probably one of the first interspecific hybrids was made by Miiller, who
successfully crossed two Brazilian species, R. formosa and R. silvaccola.

Morphologically intermediate hybrids were produced by almost 50 per cent

of the seeds formed from crossing experiments. Bowden reported a sterile

hybrid, R. ciliosa (= R. humilis Nutt.?) X R- tuberosa. Long success-

fully crossed R. caroliniensis with R. humilis and suggested that natural

hybridization may be a factor causing the observed intergradation of these

species in their area of overlapping distribution. From a study of breed-

ing systems in populations of southern Florida, he concluded that the

four taxonomic species involved are ecological races of a single polytypic

species. R. caroliniensis. An investigation of interspecific hybrids resulted

in the production of 12 different Yx hybrids involving 12 North American

taxa. Intersectional crosses, such as R. brittoniana X R- occidentalis. pro-

duced partially or completely sterile but sometimes vigorous hybrids. Ab-

normal meiosis in these hybrids may account for the high sterility.

The breeding systems in both the eastern species and the Texan "panicu-

late" species centered on R. nudiftora involve showy, chasmogamous

flowers and small, tubular, cleistogamous flowers. Chasmogamous flowers

favor outcrossing both structurally and by regular proterogyny. Generally,

cleistogamous flowers are produced more abundantly towards the end of

the growing season in the eastern species (at the beginning, in the panicu-

late species) producing numerous fruits with good seeds. The total evi-

dence suggests that local populations are predominantly autogamous, par-

ticularly in the northern portion of our range, but that outbreeding oc-

curs frequently in populations from Florida.

Long concluded that no revision of the genus ought to be attempted



290 JOURNALOF THE ARNOLDARBORETUM [vol. 51

until a thorough investigation of the reproductive biology of Ruellia spe-

cies has been completed. Genetic barriers to interspecific crossing are

lacking between many species, although these same species have been

placed in different genera by various authors (especially Bremekamp). If

it can be assumed that crossability is correlated with evolutionary rela-

tionship, the broad generic interpretation of Lindau may be a more ac-

curate reflection of the natural limits of Ruellia than the numerous segre-

gate genera advocated by Bremekamp.

Embryo sac development and microsporogenesis have been studied by

Mauritzon, Maheshwari & Negi, Narayanan, Mohan Ram, and Wall &
Long. No walls form after the first reduction-division during pollen forma-

tion in Dipteracanthus patulus; quadripartition occurs by furrowing with

tetrads decussate or isobilateral. The single-layered nucellus is completely

absorbed by the time the four-nucleate stage of the embryo sac has been

reached. Development of the embryo sac is of the Polygonum type, with

the tip of the sac extending into the micropyle. Both synergids and antip-

odals are ephemeral, but pollen tubes persist, and remnants can be

recognized even in mature seeds. The endosperm is of the cellular type

and is composed of a two-nucleate micropylar haustorium, a four-nucleate

chalazal haustorium, and a central chamber that later separates into a

cellular upper portion and a free-nuclear lower portion. A notable feature

is the occasional formation of twin embryos. Additional embryos may
arise by the proliferation of some of the suspensor cells.

In an investigation to determine whether there are embryological dif-

ferences between Ruellia tuberosa and Dipteracanthus patulus. Mohan
Ramconcluded that, in general, both show the same type of embryology,

although twin embryos were not found in R. tuberosa. The only notable

difference was the presence of a cellular basal apparatus, a structure ap-

parently absent in D. patulus. Chromosome numbers may be different for

the two genera, however. Kaur and De both report 2n = 44 for D. pro-

stratus; the somatic number for R. tuberosa is In = 34. In any event,

the investigations thus far in the genus clearly demonstrate the usefulness

of experimental approaches to the definition of both genera and species.

Hybridization tests may yet prove to be a more satisfactory means of

defining natural groups than pollen characters or floral morphology within

Ruelliinae.

The genus has little economic importance. A number of tropical species

are popular cultivars, mostly in greenhouses. Ruellia Devosiana Morr.
and R. Makoyana Hort. both have purplish leaves, usually with attractive

white venation; the former has white corollas marked with purple or lilac,

the latter bright reddish corollas. The bright-blue-flowered R. squarrosa

Hort. is grown in southern Florida as a ground cover and rock garden

Members of the subtribe Ruelliinae have pollen with three equatorial

pores, or rarely four to seven evenly distributed pores, or "sparsiporous."'

alveolate, echinulate or granulate exines. In his key to the genera of

Ruelliinae of the Malay Archipelago and New Guinea, Bremekamp in-

cluded eight genera, four of which were included as synonyms by Lindau
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of Ruellia, and two of which are new. The recognition
of segregates from Ruellia is based largely on inflorescence patterns,

corolla morphology, and pollen sculpturing. For instance. Ruellia is said

to differ from Arrhostoxylum in having pollen with smaller, shallower,

more regular alveolae.

Ruellia was emended by Bremekamp and restricted to the four species

centering on R. tuberosa, as treated by Leonard, but also including R.
malacosperma Greenm., a circumscription coinciding with the original

delimitation of Cryphiacanthus Nees. In contrast, Lindau (1895) used

a broad, inclusive definition of Ruellia, including 19 segregate genera. He
recognized nine sections (four monotypic) based on morphology of the

capsule and the flower. His sect. Ruellia is entirely American and cor-

responds with Ruellia L. emend. Bremek. His sect. Dipteracanthus
(Nees) Lindau corresponds in part to Dipteracanthus Nees emend. Bre-

mek., although Bremekamp restricted the genus to paleotropic species with

sparsiporous pollen and subringent corollas. It is not clear from Breme-

kamp's key in what genus our species would fall, although he stated that

the closest allies of Ruellia L. emend. Bremek. are Aphragmia (based on

Ruellia inundata HBK.) and Arrhostoxylum (based on A. glabrum Nees).

both restricted to tropical and subtropical America. Most of our species

possibly would fall into Aphragmia, resembling Ruellia in pollen, inflores-

cence, and seed characters, but differing in the clavate capsules with fewer

seeds per capsule. Bremekamp also suggested that perhaps our species

ought to be transferred to a new genus based on R. strepens L.

Under family references see Baillon (p. 426), Bentham & Hooker, Breme-

kamp (1965), Bremekamp & Nannenga-Bremekamp, De, Grant, Katjr

(1966), Leonard (1951; 1959), Lindau (1895), Mauritzon, Metcalfe &
Chalk, Nees (1847), Raj, Santapau, Solereder, and Tchouproff.

Diers, L. Der Anteil an Polyploiden in den Vegetationsgiirteln der West-kor-

dillere Perus. Zeitschr. Bot. 49: 437-488. 1961. [ R. fioribunda Hook., ca.

In = 34.]

Everett, T. H. Ruellia amoena. Addisonia 22: 55, 56. 1946.

Fernald, M. L. Ruellia in the eastern United States. Rhodora 47: 1-38; 47-63;

69-90. 1945.

Foerste, A. F. Notes on structures adapted to cross-fertilization. Bot. Gaz.

13: 151-156. 1888. [Includes observations on a sp. of Ruellia.']

Holm, T. The root-structure of Spigelia marilandica L., Phlox ovata L. and

Ruellia ciliosa Pursh. Am. Jour. Pharm. 78: 553-559. 1906.

. Ruellia and Dianthera: an anatomical study. Bot. Gaz. 43: 308-329.

pis. 11, 12. 1907. [General description of vegetative structures.]

LeConte, J. E. Observations on the North American species of the genus

Ruellia. Ann. Lye. Nat. Hist. N. Y. 1: 140-142. 1824. [Habitat notes on

R. ciliosa and R. strepens.]

Leonard, E. C. Ruellia tuberosa and a few of its close relatives. Jour. Wash.

Acad. Sci. 17: 509-520. 1927.

Long, R. W. Convergent patterns of vat rotimmsis and R.

humilis (Acanthaceae). Bull. Torrey Bot. Club 88: 387-396. 1961.
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rstematic investigations in South Florida populatio

\m. Jour. Bot. 51: 842-85;

1 In itri.li/.atioii .

& L. J. Uttal. Some observations on flowering in Ruellia (Acanthaceae).

Rhodora 64: 200-206. 1962. [Predominance of cleistogamous reproduction

in natural populations.]

McCoy, S. A cleistogamous Ruellia. Am. Bot. 43: 22-24. 1937. [R. strepens

var. cleistantha Gray, an autumnal form of the sp.]

Maheshwari, P., & V. Negi. The embryology of Dipter acanthus patulus

(Jacq.) Nees. Phytomorphology 5: 456-472. 1955. [Includes extensive

bibliography.]

Mohan Ram, H. Y. Postfertilization studies in the ovule of Ruellia tuberosa

Linn. Lloydia 23: 21-27. 1960.

Muller, F. von. Mischlinge von Ruellia formosa und silvaccola. Abh. Naturvv.

Ver. Bremen 12: 379-387. 1892.

Prain, D. Ruellia Devosiana. Bot. Mag. 137: pi. 8406. 1911.

Standley, P. C. Two additions to the flora of Louisiana. Torreya 14: 21-24.

1914. [R. spectabilis = R. Brittoniana Leonard.]

Tharp. B. C. & F. A. Barkley. The genus Ruellia in Texas. Am. Midi. Nat.

42: 1-S6. 1949.

Uttal. L. J. Observations on Ruellia Purshiana (Acanthaceae) in Virginia.

Castanea 30: 228-230. 1965.

. A plant-insect relationship in Ruellia L. (Acanthaceae) coincidental to

autogamous populations. Virginia Jour. Sci. 17: 46-48. 1966. [Destruction

of seeds from early chasmogamous flowers by larvae of a noctuid moth.

L'obubatha, favoring seed production by later cleistogamous flowers.]

. Seed differentiation in east North American Ruellia. Castanea 33: 254,

255. 1968.

rd, D. B. The genus Anonymos and its nomenclatural survivors.

64: 87-92. 1962. \R. caroliniensis (J. F. Gmel. I Steud., 90.]

lbur, R. L. The identity of Walter's species of Anonymos. Joi

Mitchell Sci. Soc. 78: 125-132. 1962.
\

R. caroliniensis (J. I

6 Lindau emend. Bremek.

. Dyschoriste C. G. D. Nees in Wallich. PI. Asiat.

1832.

Perennial caulescent herbs [sometimes suffrutescent
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glabrous or (more often) pubescent, erect, ascending for prostrate] stems.
Leaves sessile, subsessile [or petioled|. usually entire

|
frequently fas-

cicled]. Flowers in axillary clusters or cymes, sometimes solitary [rarely

racemose], purplish, blue, or less commonly white, subtended by linear to

oblong foliaceous bracts and bracteoles. Calyx deeply 5 -cleft, lobes

usually linear or subulate-setaceous, ciliate. Corolla-tube incurved or
straight, cylindrical, often slightly ampliate at base, limb oblique, spread-
ing, nearly regular to distinctly bilabiate. Stamens didynamous. a short

and a long filament connate below and adnate to corolla tube, pubescent;
anthers 2-loculate, more or less distinctly mucronate or aristate at base,

locules equal, oblong, parallel to slightly divergent; pollen 3-colporate,

prolate or occasionally subprolate, 40-50 X 47 X 28 fx. Stigma linear,

anterior lobe somewhat flattened, oblique, posterior lobe rudimentary or

absent; style filiform; ovary 2-locular, glabrous, ovules 2 or occasionally

1 in each locule. Capsule included in the persistent calyx, oblong-linear.

2-4-seeded, glabrous, separating with difficulty at maturity into 2 valves

with 1 or 2 seeds within each valve held in position by the retinacula;

capsule base contracted into a solid stipe; septum adnate. Seeds flat,

orbicular or suborbicular, mucilaginous when wetted, hairs with faint rings

or spiral thickenings within. (Including Calophanes D. Don, Apassalus

Kobuski.) Lectotype species: D. depressa (Wall.) Nees; see Britton &
Brown. Illus. Fl. No. U. S. ed. 2. 3: 240. 1913. (Name from Greek dys,

difficult, and choristos, separable, in reference to the tenaciously coherent

valves of the capsule.)

About 100 species widely distributed in the tropics and subtropics, with

a few taxa extending into the warm-temperate regions of the world. About

40 supposed species are American, but it is probable that a monographic

revision will reduce this number substantially.

Two species and two varieties occur in our area. Dyschoriste humistrata

(Michx.) Kuntze {Apassalus humistratus (Michx.) Kobuski) is locally

abundant in rich, sandy loam, limestone materials, and low river terraces

from north-central Georgia to central peninsular Florida. D. oblongijolia

(Michx.) Kuntze var. oblongijolia. In = 30, is found on the Coastal

Plain from South Carolina to Sarasota and Brevard counties. Florida,

westward to Louisiana, in disturbed areas, sandy soil, pine barrens, and

sandhills. It is quite variable both in leaf size and in pubescence of the

stems and sepals. An endemic variety. D. oblongijolia var. angusta (Gray)

R. W. Long." is locally abundant in extreme southern Florida and the

Florida Keys in moist pinelands, disturbed sites, especially burned-over

areas, rocky roadsides, limestone rocks, and similar places.

Nees (1832) established the genus by the transfer of species of earlier

authors from Ruellia and Justicia. The key characters used were ".
. .

antherae bilocellatae, locellis parallelis aequalibus basi mucronatis. Cap-

sula . . . prope a basi tetrasperma. . . . Dissepimentum adnatum." Only

' Dyschoriste oblongif olia var. angusta (A. Gray) R. W. Long, comb. nov.
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a year later David Don described his genus Calopkanes, based on Ruellia

oblongijolia Michx., apparently collected in Georgia. Both genera were

used in later botanical literature, Dyschoriste representing Old World and

Calopkanes, New World taxa. Nees accepted this arrangement, but

Bentham & Hooker, and later Clarke, placed Dyschoriste in the synonymy

of Calopkanes. Kuntze revived the earlier name; he was followed by

Lindau, who placed the genus in his tribe Strobilantheae.

The complex problems in the typification of Dyschoriste have been dis-

cussed by Kobuski, who monographed the American species. His choice

D. oblongijolia var. oblongijolia: a, flowering stem,
e with two flowers, one bractlet removed from pedicel of flower at

flower in longitudinal section, X 3; d, anther after shedding of

e, stigma, X 10; f, ovary in vertical section to show placentation,
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of Ruellia erecta Burm. as the type is based on Kuntze's transfer of
Ruellia erecta to Dyschoriste thereby making it the oldest known epithet
in the genus. The choice presumes the accuracy of the identity and
synonymy of the several taxa, including D. depressa Nees, that Clarke
referred to Calophanes Nagchana Nees. Ruellia erecta is typified by a
reference of Burmann to a plate and description by Van Rheede. Un-
fortunately, the plant illustrated and described has alternate, lance-ovate
leaves, annual roots, and an apparently one-lipped corolla. The calyx is

described as four-parted, with two segments larger than the others. It is

apparently not acanthaceous, but its true identity is uncertain. For the

present the lectotype chosen by Britton & Brown seems to be the best

available until the Old World plants can be examined.

Bremekamp (1955) transferred Dyschoriste from Strobilantheae to his

Petalidiinae, a subtribe characterized by axillary cymes that rarely com-
bine in a terminal panicle, by a subactinomorphic corolla never provided

with a row of hairs functional in retaining the style, and, most importantly,

by pollen grains that are prolate and banded, with three of the bands in

the equatorial plane, dilated, and containing a pore. Most of the genera

of the subtribe are tropical African in distribution, but Dyschoriste is

pantropical. Kobuski decided not to place the American species in sub-

genera or sections because of the relative uniformity of morphological

characters in the genus. Instead, he identified three distinct geographical

areas where the species appear to be related: the southeastern United

States (2 taxa) ; Texas and southern Arizona to the Isthmus of Tehuan-

tepec (21 taxa); and South America (17 taxa).

Kobuski segregated his West Indian genus Apassalus from Dyschoriste

on the basis of the much smaller leaves, smaller flowers, fruit characters,

and muticous anther appendages. He considered it intermediate between

the hypothetical ancestors of Apassalus and Dyschoriste proper in his

interpretation. Apassalus was described as having only two seeds per

capsule, but only one species (of three) has two seeds. The absence of

anther appendages appears to be the only consistent character for the

genus, and this hardly warrants recognition of a new genus in the Acan-

The phylogeny and relationships of Dyschoriste are obscure. The large

number of closely allied species was considered by Kobuski probably to

have evolved from common ancestral stock. He proposed that the taxa

of the southeastern United States possibly are off-shoots of the widespread

and morphologically generalized complex of D. decumbens (Gray) Kuntze,

of Texas, Arizona, and Mexico, that developed parallel to the Mexican

D. Greenmanii Kob. and D. jaliscensis Kob. Another morphological rela-

tionship is with the largely Texan D. linearis (Torr. & Gray) Kuntze. On
the other hand, Kobuski thought that our southeastern taxa possibly are

most closely related to his "Apassalus group'' in the West Indies and have

migrated into the United States from that direction. This theory assumes

evolution of plants with large leaves, large flowers, anthers with appen-

dages, and four-seeded capsules from plants with small flowers, muticous
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anthers, and two-seeded capsules, a proposition that is difficult to accept.

The absence of Dyschoriste in the Mississippi Valley does not rule out

the possibility that the range of the genus prior to the Oligocene extended

continuously across the southern United States. Possibly the distribution

was then split into two parts by the encroachment of inland seas during

later epochs of the Cenozoic. Such an interpretation would explain, at least

in part, the relationship of our species with those of Texas and Mexico.

s (1832, 1847). and Raj.

Alexander, E. J. Dyschoriste humiytr.ita. Addisonia 18: 25. pi. 589. 1933.

Bremekamp, C. E. B. List of the Acanthaceae collected in Celebes bv Dr. W.
Kaudern and Dr. G. Kjellberg. Sv. Bot. Tidskr. 42: 372-403. 1948. [In-

cludes D. celebica Bremek., sp. now, and notes on pollen differences in

Dyschoriste and Hygrophila.~\

Kobuski, C. E. A new genus of the Acanthaceae. Ann. Missouri Bot. Gard.

15: 1-8. 192S. [Apassalus Kob., gen. nov.]

. A monograph of the American species of the genus Dyschoriste. Ibid.

9-90. [Includes 12 new species.]

Robertson, C. Florida flowers and insects. Trans. Acad. Sri. St. Louis 25: 277-

324. 19*27. \D. oblongijolia (as Calophanes), 285. 286; visited by long-

and short-tongued bees, Diptera. and butterflies.]

Sternon, F. fitude d'une plante medicinale mexicaine: Dyschoriste (Calo-

phanes) linearis Gray. Bull. Soc. Bot. Belg. 65: 14-21. 1932. [Anatomical
study demon-- s ith Ruellieae.]

Subtribe Hygrophilinae (Nees) Bremek.

7. Hygrophila R. Brown, Prodr. Fl. Nov. Holland. 479. 1810.

Perennial [or annual] erect, ascending [or diffuse] caulescent herbs;

stems glabrous, sparsely pilose [or villous], unarmed [or with axillary

spines). Leaves entire, lanceolate to obovate. Flowers borne in axillary

fascicles [or terminal heads, rarely solitary] ; bracts linear [elliptic or

lanceolate], ciliate; bracteoles lanceolate [or oblong], shorter than the

calyx. Calyx tubular, segments 5 [4], equal to subequal, more or less

fused to above the middle. Corolla tube cylindrical, ventricose at the

apex, slightly ampliate; limb bilabiate, posterior lobe erect, concave, 2-

cleft or 2-toothed, anterior segment 3-lobed. white [or pale purple].

Stamens didynamous [or 2 fertile stamens and 2 staminodia], not exserted,

adnate to the tube above the middle; filaments glabrous, each pair connate
at the base by a membrane, barely dilated; anthers oblong, muticous or

submucronulate, 2-loculate, anther sacs parallel, divergent-sagittate. Pol-

len grains 3(4)-colporate. prolate spheroidal to subprolate spheroidal,

varying in size from 35 X 33 fx to 70 X 66 fi. Disc inconspicuous. Style

long, pubescent; stigma subulate, incurved, posterior lobe abortive; ovules

usually 6-8 in each locule [or rarely 2, up to 18]. Capsule narrow, oblong,
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nonstipitate, the partition adnate. Seeds 12-18 [rarely 4, up to 36], or-
bicular-compressed; retinacula short, obtuse, acute. Type species: Ruel-
lia ringens L. = H. salicijolia (Vahl) Nees (H. angustifolia R. Br.); Cf.

T. Anderson, Jour. Linn. Soc. Bot. 7: 113. 1864. (Name from Greek
hygros, wet, and philos, loving, a reference to the usual habitat of the

A pantropical genus of about 80 species primarily of the Old World
tropics but with a number of species in tropical America. Nees's treat-

ment (1847) is the only account of the entire genus. He informally
divided the 24 species into two groups based on the morphology of the
inflorescence. Bentham and Hooker interpreted the genus broadly, re-

duced a number of Nees's segregate genera to synonymy, and did not

recognize any subgeneric categories. Clarke divided Hygrophila into two
subgenera. Hygrophila (§ Euhygrophila Clarke) and Asteracantha
(Nees) Clarke, based on the presence or absence of spines, on calyx

morphology, and on the number of seeds per capsule. He stated that

Hygrophila may have 40-100 minute seeds per capsule (surely a mistake!

)

but cited no species with more than 32. Lindau (1895) recognized five

sections, but Asteracantha Nees was treated as a separate genus. Our
single representative belongs to the largest and taxonomically most dif-

ficult section. Hygrophila (§ Euhygrophila Clarke emend. Lindau),

which is distributed from tropical Asia to tropical America.

Hygrophila lacustris (Schlecht.) Nees. In = 32, occurs from south-

western Georgia and western Florida to eastern Texas, with its greatest

development apparently in the lower Mississippi River valley and delta

region. It is also found in the West Indies. The plant is a weak-stemmed

perennial herb with narrow, sessile leaves and sessile axillary clusters of

small white flowers. Hygrophila lacustris appears to be related to the

widespread tropical H. conjerta Nees, of Mexico and Central America.

Nees observed that H. lacustris differs from H. conjerta only in having

sessile, attenuate leaves and somewhat smaller corollas. Other relation-

ships, also in tropical America, may include H. portoricensis Nees and H.

hrasiliaisis (Spreng. ) Lindi prrma (Roxb.) T.Anders..

a native of the East Indies, has been reported by Reams as quickly estab-

lishing itself in lakes at Richmond, Virginia, when introduced, but it is

doubtfully naturalized.

Although Hygrophila is pantropical, its relationships are apparently

with Old World genera, particularly with the African Brillantaisia Beauv.

and the largely East Indian Synnema Benth. Lindau suggested interge-

neric relationships also with the African genera Eremomastax Lindau and

Mellera S. Moore, but Bremekamp believed these genera properly belong

in the subtribe Petalidiinae. The Hygrophilinae resemble the Petalidiinae

in inflorescence characters, but differ in the bilabiate corolla and distinc-

tive pollen sculpturing. Typically, Hygrophila produces pollen with three,

rarely four, germ pores that have four grooves between two of the pores.

Reams, in an examination of environmentally induced variations in the
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morphology and ontogeny of two types of hydathodes (water stomata and

water-secretory trichomes), found that submerged leaves have water-

stomata but nonfunctional, recessed trichome-hydathodes, while aerial or

emersed leaves produce functional, bulbous trichome-hydathodes and

water-stomata. Hydathodes are replaced by simple hairs on the bracts.

The differentiation of the three kinds of trichomes begins immediately

after the second cell-division of the primordium. Other evidences of the

essentially aquatic nature of this genus were noted by Solereder who

described the typical lacunar, hydrophytic cortex and the peculiar appear-

ance of the interlocking parenchyma cells around the air chambers.

Under family references see Baillon (p. 430), Bentham & Hooker, Breme-

kamp (1938, 1948, 1955b, 1965), Clarke, Lindau (1895), Nees (1847), Raj,

and Solereder
;

under Dyschoriste see Bremekamp.

Bertholdt. W. Siamese temple plant (Hygrophila sp.). Aquarium Jour. 29:

386,387. 1958.

Kundu, B. C. The morphology of the spines of Hygrophila spinosa T. Anders.

Jour. Bombay Nat. Hist. Soc. 43: 678-680. 1943. [Spines are modified

Laxgawankar, J. D., N. L. Phalxikar, & B. V. Bhide. Chemical investigation

of Hvgrophylia [sic] spinosa (N. O. Acanthaceae) . Jour. Univ. Bombay
II. 13(5A): 15-17. 1945.*

Miege. J. Quatrieme liste de nombres chromosomiques d'especes d'Afrique oc-

cidentale. Revue Cytol. Biol. Veg. 24: 149-164. 1962. [H. senegalensis

(Nees) T. Anders, and H. spinosa T. Anders., In = 32.]

Rangaswamy, K. Cytomorphological studies in Asteracantha longifolia Nees

(Hygrophila spinosa A. And.). Proc. Indian Acad. Sci. B. 14: 149-165.

Reams. \V. M.. Jr. The occurrence and ontogeny of hydathodes in Hygrophila

polysperma T. Anders. New Phytol. 52: 8-13. 1953.

Thorne. R. F. Vascular plants previously unreported from Georgia. Castanea

16: 29-48. 1951. [Includes H. lacustris."}

Stodola. J. Encyclopedia of water plants. 368 pp. T.F.H. Publications, Jersey

City, N.J. 1967. [H. polysperma, H. salicifolia, 269, 271, 272, 275.]

Tribe Justicieae Nees emend. Bremek.

Subtribe Odontonematinae Lindau emend. Bremek.

8. Asystasia Blume, Bijdr. Fl. Nederl. Indie 796. 1825 [1826].

Perennial herbs [or shrubs], [erect,] procumbent or clambering, pubes-

cent [or glabrous]. Leaves [narrowly lanceolate or] ovate, entire or

somewhat dentate. Inflorescences terminal simple or branched racemes

[or spikes], often unilateral; flowers opposite or alternate, solitary or

glomerate in axils or bracts; bracts linear to narrowly deltoid, bracteoles

minute. Calyx lobes 5, linear-setaceous [or lanceolate], subequal. Corol-

la purplish, blue, yellow, or white, infundibuliform, the limb 5-lobed, the

tube straight or incurved, long, narrow or ventricose, the throat ampliate
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or campanulate; aestivation imbricate. Stan-

ally the posterior pair reduced to filiform staminodia, included; anthers
2-loculate, muticous at base or mucronate, locules parallel, equal, approxi-
mate, or unequal; pollen 3-porate (pleurotreme), prolate. Disc cupulate
or annular. Style subulate; stigma obtuse or minutely 2-parted (or

subcapitate)
; ovary with 2 ovules per locule. Capsule stipitate, pubescent

[or glabrous], elliptic, the base contracted and solid, adnate; seeds 2~\
or fewer by abortion. Seeds ovate or compressed orbicular, irregularly

angular, rugose or tuberculate, glabrous, retinacula elongate, subulate.

Type species: A. intrusa (Forssk.) Blume. (Name possibly from Greek
asystatos, not holding together, in reference to the wide-spreading valves

of the dehisced capsules.)

A genus of possibly 40 species (although about 70 have been described)

native to the Old World tropics, chiefly in the East Indies, India, and

Africa, and now thoroughly naturalized in the New World tropics.

Asytasia is represented in our flora by A. gangetka (L.) T. Anders.

(A. coromandeliana Nees), In = 50, 52, a native of India. The plant is

apparently a rather recent introduction into southern Florida where it has

become naturalized as a lawn weed and has been found growing along

the margins of pinelands (Lakela 28452, gh, usf). Our specimens ap-

pear to be identical or closely similar to those from the West Indies and

other areas of tropical America where the species is used as a ground cover

and has escaped from cultivation. The corolla color varies from pale bluish

lavender to yellow or white with purplish darker lines on the limb.

The genus is in critical need of monographic revision. Nees described

15 species in his treatment of Asystasia for DeCandolle's Prodromus, and

he included 7 varieties in the most variable species, A. gangetica. Bentham

& Hooker enlarged the genus to include two groups of shrubs, Dicentr an-

them T. Anders., from the African tropics, and Mackaya Harv., from

South Africa. Lindau (1895) placed Asystasia in its own tribe, Asystasi-

eae, on the basis of its distinctive pollen and reduced number of seeds

per capsule, but Bremekamp, in his realignment of the Justicieae (1965),

transferred the genus to his emended Odontonematinae.

References :

Under family references see Baillon (p. 459), Bentham & Hooker, Breme-

kamp (1948, 1965), Kaur, Leonard (1953). Lindau (1895), Nees (1847),

Akamine, E. K. Germination of Asystasia gangetica L. seed with special refer-

ence to effect of age on the temperature requirement for germination. PI.

Physiol. 22: 603-607. 1947.

De, A. Cytological investigations in the family Acanthaceae. Sci. Cult. 32: 198,

199. 1966. [A. gangetica, n = 25, In = 50.]

Hooker, W. J. Asystasia coromandeliana. Bot. Mag. 72: pi. 4248. 1846.

Mangenot, S., & G. Mangexot. Nombres chromosomiques nouveaux chez

diverse dicotyledones et monocotyledones d'Afrique occidentale. Bull. Jard.
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Dicliptera Ji

Perennial herbs [or shrubs], erect, ascending, or diffuse, pilose, hirtel-

lous [or variously pubescent], with branching, often lax stems more or

less hexagonal in cross-section. Leaves petioled, blades lanceolate to ovate,

entire (or undulate). Flowers sessile, solitary or clustered in contracted

cymes, these forming erect, secund, often lax spikes or panicles; bracts

2, frequently small, subulate; bracteoles 2 or 4, opposite in pairs and

forming an involucel, the outer subequal, appressed, lanceolate or ovate.

Calyx deeply 5-parted, the lobes linear-setaceous, equal or subequal,

hyaline. Corolla red, violet, blue, pink, or white; tube narrow, resupinate,

slightly ampliate; limb nearly regular or more often bilabiate, the upper

lip entire, emarginate, or 2-toothed, flat or concave, the lower lip spread-

ing, slightly 3-lobed; aestivation imbricate. Stamens 2, exserted but

shorter than the upper lip, staminodia absent; anthers 2-loculate. anther

sacs often unequal, muticous or the longer ones sometimes spurred; pollen

3-colporate, prolate or rarely perprolate, mostly 60 X 25 ju in diameter.

Disc cupular, oblique- truncate, or sinuate-dentate. Style filiform; stigma

entire or minutely 2-toothed; ovary with 2 ovules per locule. Capsule

ovoid to suborbicular, subsessile, contracted into a short, solid stipe;

placentae separating elastically from the walls and rupturing on dehiscence.

Seeds 4 [or 2
|

or fewer by abortion, lenticular, with smooth, muricate, or

squamose surface; retinacula uncinate, broadened at the base, acute

tipped. (Including Diapediutn Konig, nom. rejic, Yeatsia Small, Gatesia

Gray.) Type species: D. chinensis (L.) Juss., typ. cons. (Name from

Greek diklis, folding two ways, a double or folding door (i.e., having two

valves), and pteron, wing, in reference to the two recurved, apparently

winged valves of the dehisced capsule.)

A large, taxonomically complex genus of possibly ISO species (although

according to Leonard nearly 300 have been described) in the tropics,

subtropics, and warm-temperate regions of the world, best developed in

the East Indies, South Africa, and tropical South America. Three species

Section Dicliptera (§ Platystegiae Nees) is characterized by orbicular,

ovate or elongate-ovate bracteoles, the bases not cuneate. Dicliptera

viridiflora (Nees) R. W. Long, 7 an endemic species of southwestern
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Georgia and adjacent Florida in rich, wooded bottomlands of the Flint
and Apalachicola rivers, where it may be locally abundant, has white, pale
blue, or pink, nearly regular corollas in compacted spikes with conspicuous,
ovate, acuminate bracts. The species appears to be morphologically close
to the West Indian D. martink ensis Juss.

Section Sphenostegiae Nees, the largest subgeneric group, is char-
acterized by floral bracts more or less cuneate at the base and is repre-

sented with us by D. brachiata (Pursh) Spreng. var. brachiata {Diapedi-
um brachiatum (Pursh) Kuntze, Diapedium attenuatum (Gray) Heller),
In = ca. 80. Recognizable by its green, rather broad, wedge-shaped
bracts, usually large, ovate-lanceolate to elliptic, long-petioled leaves, and
strongly bilabiate, pink or reddish corollas, this erect herb is widely dis-

tributed on the Coastal Plain from Virginia to Texas, inland to Arkansas,

Missouri, and Kansas in river bottoms, hammocks, and low ground. It is

variable in morphology of leaf, bract, and pubescence; differences in the

latter caused Fernald to describe two minor varieties from Texas.

Section Dactylostegiae Nees is a small group of tropical American
species characterized by the presence of two floral bracts larger than others

in the involucel. Our representative is D. assurgens (L.) Juss. {Diapedium

assurgens (L.) Kuntze), In = 80, a West Indian weedy species char-

acterized by stiffly erect stems, and conspicuous bright red or scarlet

bilabiate corollas in narrow, terminal or axillary lax panicled spikes. Two
varieties, both occurring in peninsular Florida, have been distinguished.

Varietas Vahliana (Nees) Gomez {D. Vahliana Nees), with spatulate-

mucronate outer involucel bracts, occurring from Lake County, south into

the Florida Keys, is often common along roadsides, on shell mounds, in

coral soil, and in hammocks. Less frequently, var. assurgens, characterized

by subulate-attenuate bracts, can be found in extreme southern Florida,

from Sanibel Island, Lee County, to the Florida Keys.

There is some evidence that polyploidy has been an important cause of

variation in DicUptera. Grant pointed out that both D. assurgens and

D. brachiata are tetraploids in comparison with the Central American

D. resupinata, which Sigiura reported as having a gametic chromosome

number of 20. Because of their morphological similarities, it is possible

that D. brachiata may have been derived either as an autopolyploid or

allopolyploid derivative of D. resupinata. Kaur has reported the chromo-

some number of D. elegans as In = 20 and that of D. Leonotis as In =

48. Additional chromosome counts for DicUptera species are very desir-

In the only treatment for the entire genus, Nees (1847) established

five sections (based on the morphology of the floral bracts), which were

accepted, in general, by Lindau (1895). Initially, Bremekamp (1943)

accepted Lindau 's placement of DicUptera in the tribe Odontonemateae,

DicUptera Haiti Riddell, New Orleans Med. Surg. Jour. 8: 756. 1852.

Gatesia laete-virens Gray, Proc. Am. Acad. Arts Sci. 13: 365. 1878.

Justicia laetevirens Buckley, Am. Jour. Sci. 45: 176. 1843, not /. laetevirens Vahl.

Yeatsia laete-virens (Buckl.) Small, Bull. Torrey Bot. Club 23: 405-410. 1896.
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subtribe Diclipterinae but later transferred the genus to his emended

Justicieae. Intergeneric relationships appear to be closest with the Old

World tropical genera Hypo'estes Soland. ex R. Br. and Peristrophe Nees,

and possibly with Rungia Nees (although Bremekamp suggested that

pollen and capsule characters indicate that Rungia ought to be in a differ-

ent subtribe from Dkliptera). Pollen sculpturing apparently is not as

useful a taxonomic tool in the Justicieae as in some other tribes of Acan-

thaceae. Eight different pollen types have been reported from a single

anther of D. javanka (cf. Davis)

!

Dkliptera needs a critical taxonomic review because the proposed inter-

generic relationships and intrageneric alignments appear to be highly

artificial, if not simply arbitrary. The present construction of subgeneric

categories based on minor differences in the morphology of floral bracteoles

does not seem to reflect any natural relationships of species groups within

the genus. This emphasis on small differences has carried over into the

description of species. Leonard included 29 species, 26 of them new, in his

account of Dkliptera in Colombia. Morphological criteria for the separa-

tion of many of these new species are minimal, and it is probable that

future study will prove them unworthy of taxonomic recognition.

Bremekamp, C. E. B. Lick: et la delimita-

tion des Diclipterinae Lindau. Boissiera 7: 182-201. 1943.

Evers, R. A. Illinois flora: notes on Lin lera, and Iresine.

Rhodora 64: 282, 283. 1962. [Second locality for D. brachiata in s. Illinois.]

Fernald, M. L. Two varieties of Dkliptera brachiata. Rhodora 43: 287, 288.

1941. [Var. glandulosa (Scheele) Fern.. Tex. to Vera Cruz, Mex., and var.

Ruthii Fern., Tex.]

Gomez, D. M. Catalogo de las periantiadas cubanas, espontaneas y cultivados.

Anal. Hist. Nat. 23: 267-302. 1894. [D. assurgens var. Vahliana.]

Kaur, J. Chromosome numbers in Acanthaceae I. Curr. Sci. Bangalore 34: 295.

[£>. elegans Dalz.. In = 20; D. Leonotis Dalz. ex Clarke. 2« = 48.]

Sigiura, T. Studies in the chromosome numbers of higher plants III. Cytologia

10: 205-212. 1939. [Includes chromosome numbers for Dkliptera.-]

10. Justicia Linnaeus. Sp. PI. 1 : 15. 1753; Gen. PI. ed. 5. 10. 1754.

Perennial herbs [rarely shrubs] with erect or ascending, smooth or

variously pubescent stems. Leaves petiolate, linear, lanceolate, or more
often ovate to oblong, entire. Flowers small or moderately large, fascicled,

or in lax terminal or axillary cymes, spikes or panicles [or solitary] ; bracts

various, often small, linear or subulate, distant, or sometimes both bracts

and bracteoles conspicuous, large, imbricate. Calyx deeply 5 [or some-
times 4] -parted, cleft nearly to the base, segments subulate or linear,

acute, nearly equal. Corolla white, red, pink, purple, sometimes with

purple or white markings in the throat; tube short [rarely long], straight
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or incurved, rather narrow, slightly ampliate above; limb bilabiate the
upper lip erect or concave, incurved, spreading, frequently 2-dentate,
external in bud, lower lip 3-lobed. Stamens 2, staminodia none, usually
slightly exserted but not exceeding the corolla lips, adnate to the throat
of the corolla; anther 2-loculate, anther sacs separated, more or less super-
posed, one or both sacs apiculate or produced into a spur or tail, lobes
parallel or obliquely affixed, connective broad or narrow; pollen grains
2-porate, bilateral, ca. 66 X 47 X 40 p, 3-colporate (pleurotreme), sub-
prolate, ca. 28 X 22 ft. Disc cupulate or cyathiform, entire or sinuately 2-

or 3- or 5-lobed. Stigma entire, capitate, or minutely 2-dentate; style
filiform; ovules 2 in each locule. Capsule ovate, oblong, clavate [or orbicu-
lar], contracted at the base into a short, solid stalk. Seeds 4 [or 2] or

fewer by abortion, piano-compressed, suborbicular, smooth, foveolate-

rugose, tuberculate or muricate; retinacula arcuate, acute, truncate below.

(Including Dianthera L., Beloperone Nees, Rkytiglossa Xees, Drejerella

Lindau.) Lectotype species: /. hyssopijolia \... see Hitchcock & Green,

Int. Bot. Congr. Cambridge 1930. Nomencl. Propos. Brit. Bot. 116. 1929.

(Named in honor of James Justice, a Scottish botanist and horticulturist

of the 18th century, author of The British Gardener's Calendar, 1754.) —
Water-Willow.

The largest genus in the family with about 300 species distributed

throughout the tropics and subtropics of both hemispheres and extending

into the temperate region of North America.

The most widespread Justicia of our area is /. americana (L.) Vahl

(Dianthera americana L.; including /. mortuifluminis Fern.), 2» = 26,

the common water -willow of margins of ponds, lakes, rivers, and occasion-

ally swamps throughout most of the eastern United States and probably

even into Mexico. Justicia ovata (Walt.) Lindau var. ovata (J. humilis

Michx.) occurs on the Coastal Plain in swampy woods, shallow water,

and bottomlands from southern Virginia to northern Florida; var. lanceo-

late (Chapm.) R. W. Long, 8
2re = 14, 14 -f- 1, is found in wet soil and

bottomlands from central Florida and Tennessee, west to Louisiana and

Texas; var. angusta (Chapm.) R. W. Long, 9 a narrower-leaved, smaller-

flowered plant occurs as an endemic in central Florida, also in marshy

places. Two other well-marked, endemic species also occur in Florida:

/. crassijolia (Chapm.) Small is found in wet pinelands and glades in

Gulf County at the mouth of the Apalachicola River, and /. Cooleyi

Leonard & Monachino has been found in hammocks on limestones in Her-

i (Chapm.) Small, ]
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nando County. A Mexicans] ma Wasshausen & Smith 10

(Beloperone guttata T. S. Brandeg.. DrejereUa guttata (T. S. Brandeg.)

Bremek.), has escaped and apparently become naturalized in peninsular

Florida, especially in waste places, citrus groves, and around former habita-

tions. This is the common "shrimp plant that is grown widely for its

attractive spikes of reddish-brown or greenish-yellow, ovate bracts and

white flowers.

Our species need careful revision, for it is apparent that some of the

forms intergrade and may, therefore, be conspecific. Experimental hy-

bridizations should be especially useful in determining interspecific rela-

tionships, particularly in the /. ovata complex. It appears that our species

are not closely related to tropical American taxa, although possibly /.

americana may be allied to certain Mexican and Central American groups.

Justicia ovata and /. crassijolia are possibly related to West Indian and

Central American taxa, such as /. secunda Vahl and /. filibracteolata

Lindau. Monachino and Leonard thought that /. Cooleyi is related to /.

I'r'wglci Robins., of Mexico, and to /. galapagana Lindau. of the Galapagos

The taxonomic history is so complex that only a general review, and

that only with special reference to taxa of our area, is possible here. Nees
described the North American species under his Rhytiglossa, a confused

assemblage of dissimilar elements supposedly from South Africa and
America. He placed the genus in his tribe Aphelandreae, but later Ben-

tham & Hooker transferred the group to their Justicieae and included it

under Dianthera. For the most part. Bentham & Hooker followed Ander-

son in his general circumscription of Justicia, although he also included

Adhatoda Medic. Bentham & Hooker recognized 11 sections in Justicia,

but Beloperone and Dianthera were considered to be separate genera. It

is not altogether clear from their descriptions where our species would be
placed, but presumably they would be under Dianthera.

Lindau (1895) divided Justicia into three subgenera, Justicia (subg.

Eujusticia Lindau), Gendarussa (Nees) Lindau, and Dianthera (L.)

Lindau based on morphology of the inflorescence and anther sac and to

some extent on pollen sculpturing. Subgen. Justicia, the largest division,

was further divided into seven sections, three of which contained American
taxa. Our species all belong to subgen. Dianthera which supposedly is

characterized by blunt or short-stalked anther sacs.

Bremekamp (1948) was of the opinion that the generic circumscriptions

of Anderson, Bentham, and Lindau were too vague and that their defini-

tions of Justicia could not be held together any longer. He recommended
that Justicia be confined to /. hyssopijolia L., of the Old World, and

"Justicia Brandegeana Wasshausen & L. B. Smith, Fl. Illus. Catarinense l(Acan)

:

102. 1969.

Beloperone guttata T. S. Brandegee, Univ. Calif. Publ. Bot. 4: 278. 1912; non
Justicia guttata Wall. PI. Asiat. Rar. 1 : 24. pi. 28. 1830.

Calliaspidia guttata (T. S. Brandeg.) Bremek. Verh. Nederl. Akad. Wet. Afd.
Xatuurk. 2.45(2): 54. 1948.

DrejereUa guttata (T. S. Brandeg.) Bremek. Philip. Jour. Sci. 80: 14. 1952.



Fig. 5. Justicia. a-g, /.

b. flower and flower buds,

side removed to show four ovules, X 12; (

moistened seed, ><

uit with two seeds,

, flower and bud, lateral view, X 4 ; j, corolla with c

k, anther, from below, X 10; 1, partially mature fruit and flower from which
corolla has fallen, X 2. m, n, /. americana: m, corolla with stamens, from above,

X 3; n. anther from below, X 10.
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Dianthera (based on D. americana L.) be restricted to the New World.

There is no evidence from pollen morphology to suggest that Dianthera

ought to be retained as a genus, although Grant thought there is some

cytological basis for recognizing the genus. The slight morphological dif-

ference for their separation is based on the position of the anther sacs,

which are stalked obliquely at the tip of a branched connective in Dian-

thera, while in Justicia one anther sac is borne horizontally or obliquely

at the tip of the connective and one is borne perpendicularly, or nearly

so, below it. In both instances the anther sacs are blunt, not pointed

at the base, a character Lindau considered of sufficient weight to place all

species of justicia of the United States in his subgen. Dianthera. Leonard

(1958) united both Dianthera and Beloperone under Justicia after point-

ing out that continuous variation in anther characters made it impractical

to maintain the separate genera. Bremekamp transferred Beloperone

guttata to still another segregrate genus, Drejerella. Until additional evi-

dence is available, a broad interpretation of the genus appears to be more

in keeping with the facts.

Inter- and intrageneric relationships in Justicia have been the subject

of a wide variety of investigations. Mohan Ram& Sehgal studied pollen-

grain formation, embryo-sac development, and embryogeny in /. simplex

D. Don, a native of tropical Africa and Asia. They reported that chalazal

haustoria generally are two-nucleate in Justicia, as in Beloperone and

Adhatoda. No significant embryological differences were found between

the three genera. Dicliptera and the African genus Barleria also resemble

Justicia in the morphology of the chalazal haustoria, but Blechum, Ruel-

lia, and Hemigr aphis produce four-nucleate haustoria. The broad basal

apparatus characteristic of the three latter genera is represented by a

rudimentary, few-nucleate structure in Justicia.

Palynological and cytological investigations of taxonomic relationships

have generally been inconclusive. Raj was not able to find any differences

between the pollen grains of Justicia and Dianthera. However, Bhaduri

concluded that Lindau subordinated Adhatoda as a section in Justicia be-

cause he misconstrued the morphology of the pollen of A. vasica (J.

Adhatoda) and further concluded that the two genera should be separate.

Bentham & Hooker maintained Adhatoda as a separate genus on the basis

of other morphological grounds, but Leonard (1958), apparently on simi-

lar bases, submerged Adhatoda in Justicia. Grant concluded there is suf-

ficient evidence to retain Adhatoda as a separate genus because the somatic

chromosome number typically is In = 54. Justicia species are known with

2« = 28, 32, and 36, suggesting three basic numbers: x = 7, 8, and 6 or

9. The same numbers are also found in Beloperone and Jacobinia. Grant

suggested that aneuploidy is a probable cause for the diversity in chromo-

some number in justicia and that possibly related groups, such as Adha-
toda, arose through allopolyploidy. The discovery of

k B" chromosomes in

/. ovata var. lanceolata (cf. Lewis et al.) may be evidence of the occur-

rence of aneuploidy that perhaps was caused by fragmentation of chromo-

somes or is a vestige of reduction from higher ploidy levels. Additional



1970] LONG, GENERAOF ACANTHACEAE 307

cytological studies should be useful in any future intrageneric studies, but
crossing experiments might be more helpful at this point.

Unlike many Ruellia species, Justicia populations may be largely if not
entirely allogamous. Although no hybridization studies have been made,
there is some evidence that outbreeding occurs regularly in /. simplex.

Jain & Joshi conducted a genetic analysis of gene frequencies at a petal-

color locus in local populations and concluded that the tendency for

markedly local differentiation in these polymorphic plants could best be
explained by considering them as partially isolated, panmictic populations.

Additional investigations of causes of variation in the genus ought to in-

clude artificial hybridization experiments to ascertain whether barriers to

crossing occur between species. It is possible that some of the observed

patterns of variation in our species are caused by natural hybridization.

Future work on Justicia may result in additional evidence that would

provide a basis for splitting up the genus into two, three, or more segregate

genera. At the present time the evidence for this course of action is

equivocal, but it seems clear that most of our southeastern species are

more closely related to one another than they are to other taxa outside

of the range of the Flora. If segregate genera are to be recognized they

would be Dianthera L. (based on D. amcrkana L.). Adhatoda Nees

(based on Justicia Adhatoda L. = A. vasica Nees), and Justicia (based

on J. hy$sopifolia~L.).

Justicia species have also been used in various other biological and

chemical investigations. Anatomical and morphological studies have been

reported by Sterling, Jones, et al.\ studies of toxins, alkaloids, and other

chemical constituents have been carried on by Munakata et al. and Bhat-

nagar & Popli ; and pollination studies by Buxbaum. Many of the attrac-

tive cultivated plants that pass under the name Justicia properly belong

to the tropical American genus Jacobinia Nees ex Moric.
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